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ABSTRACT
W eanalyzethepresenceofsubstructuresin a setof48 galaxy clusters,by using galaxy positionsand
redshifts. The data are taken from literature sources,with the addition ofsom e new data provided by
recentobservationsofgalaxy clusters.
W eusea m ulti-scaleanalysiswhich coupleskinem aticalestim atorswith thewavelettransform .W ith
respecttopreviousworks,weintroducethreenew kinem aticalestim ators.Theseestim atorsparam eterize
thedeparturesofthelocalm eansand/orlocaldispersionsofthem easured radialvelocitieswith respect
to theirglobalvaluesforthe environm ent.
W e classify the analyzed clusters as unim odal,bim odaland com plex system s. W e nd that 14%
ofour clusters are strongly substructured (i.e. they are bim odalor com plex) and that  24% ofthe
rem aining unim odalclusterscontain substructuresatsm allscales.Thus,in substantialagreem entwith
previousstudies,aboutonethird ofclustersshow substructures.
W e nd thatthe presenceofsubstructuresin unim odalclustersdoesnotaectthe estim atesofboth
velocity dispersions and virialm asses. M oreover,the galaxy velocity dispersion is generally in good
agreem entwith theX-ray tem perature,according to theexpectationsofthestandard isotherm alm odel
forgalaxy clusters.Thesefactssuggestthatunim odalclusters,which arethem ostfrequentcasesin the
nearby Universe,arenottoo farfrom a statusofdynam icalequilibrium .
O n the contrary, the estim ates of velocity dispersions and m asses for som e bim odal or com plex
clustersstrongly depend on whetherthey are treated assingle system sorassum sofdierentclum ps.
In these casesthe X-ray tem peratureand the velocity dispersion m ay be very dierent.
Subjectheadings: galaxies:clusters:general{galaxies:clustering{cosm ology:observations{m ethods:
data analysis
1 Introduction
The recentliterature hasprovided rm evidence ofthe
presence of substructures in galaxy clusters (see W est
1994,and references therein). Indeed,when the am ount
ofdatagrowsand thetechniquesofanalysisareim proved,
the clustersshow m ore and m ore substructures(see,e.g.,
recentresultson theCom aclusterby Bivianoetal.1996).
Theeectofsubstructureson clusterkinem aticsand dy-
nam icsiswidely studied in theliterature.Thepresenceof
substructurescould m akethegalaxy velocity distributions
deviatefrom G aussian ones(Bird & Beers1993;Zabludo,
Franx,& G eller 1993). Beers & Tonry (1986)suggested
that the constant density cores of clusters are actually
due to the presence ofcentralsubstructures. Substruc-
turescould also causetheobserved signicantvelocity o-
setsofcD galaxieswith respectto otherclusterm em bers
(Sharples,Ellis,& G ray 1988;Hilletal.1988).
Thepresenceofsubstructurescould lead to over-orun-
derestim atesofthegalaxy velocity dispersions(e.g.Fitch-
ett 1988),to overestim ates ofthe cluster m ass (Pinkney
etal.1996),and could also m odify thevelocity dispersion
prole in the centralcluster region (Fitchett & W ebster
1987). In particular,these eects are suggested as caus-
ingthedisagreem entbetween theobserved velocitydisper-
sion ofgalaxiesand X-ray tem perature ofhot gas(Edge
& Stewart 1991b). O n the other hand,collisions ofsub-
clusterscan enhance the X-ray tem perature (e.g.Briel&
Henry 1994;Zabludo & Zaritsky 1995).
Also num ericalsim ulations show that both galaxy ve-
locity dispersion and gas tem perature increase during a
phase ofclusterm erging (see e.g. Evrard 1990;Schindler
& Boehringer1993;Schindler& M ueller1993;Roettiger,
Burns,& Loken 1993;Burns et al. 1995). Therefore,in
casesofstrong substructures,e.g. close bim odalclusters,
both galaxy velocity dispersion and gas X-ray tem pera-
ture m ay be bad m easures ofthe cluster potentialsince
the cluster m ay be very far from a status ofdynam ical
equilibrium .
The situation is less clear for clusters with sm allsub-
structures,which arethem ostfrequentcasesand thusthe
m ostim portantonesin statisticalanalyses,e.g.in theob-
servationaldistribution function ofcluster m asses,since,
to evaluate cluster m asses, a status of dynam icalequi-
librium is generally assum ed (e.g. Bahcall& Cen 1993;
Biviano etal.1993).Recentresultsfrom num ericalsim u-
lationssuggestthat,on average,clusterscould beapprox-
im ately in dynam icalequilibrium within a centralregion
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(e.g. Torm en,Bouchet,& W hite 1996). From the obser-
vationalpointofview,partially contradictory conclusions
are reached by two recentworks-based on large cluster
sam ples-which look forsubstructuresby usinggalaxypo-
sitionsand redshifts(Escalera etal. 1994,hereafterE94;
Bird 1995,hereafterB95).
By exam ining 16 clusters,E94 found that the sum of
virialm assesofgravitationallybounded internalstructures
isgenerally closeto thetotalvirialm assofthem ain clus-
ter.O n thecontrary,B95found thatthecorrection forthe
presenceofsubstructuresappreciably aectsthem assesof
25clusterswith adom inantgalaxy,theeectbeingm ainly
due to a reduction ofthe m ean galaxy separation. How-
ever,B95 found that the correction for substructures is
notsignicantifthe clusterm assiscom puted within the
virialization radius(see B95)ratherthan within an Abell
radius. Both works agree in claim ing that the velocity
dispersion is not strongly biased by the presence ofsub-
structures.
Anothercriticalquestion concernsthesurvivaltim eofa
substructurewithin thecluster(seee.g.G onzales-Casado,
M am on,& Salvador-Sole1994),which isessentialforcon-
straining the criticaldensity ofthe Universe by using the
frequencyofsubstructures(Lacey& Cole1993;Uedaetal.
1995). The poorknowledge ofthe frequency,nature and
origin ofsubstructuresm akesthe problem m oredicult.
The availability ofa large am ountofnew redshifts for
clustergalaxies(e.g.K atgertetal.1996)allowsusto bet-
terinvestigateclusterstructures.Theredshiftinform ation
greatly alleviates the problem s induced by the presence
of cluster interlopers and/or cluster overlapping, prob-
lem s which are always present in two-dim ensionalanal-
yses. W ith respect to studies based on X-ray data,an
opticalanalysis m ay have the advantages of allowing a
three-dim ensionalanalysis,ofidentifying the galaxiesbe-
longing to dierent subclum ps, and ofinvestigating the
outerclusterregionsoflow X-ray surface brightness. O n
the otherhand,because ofthe stillsm allnum berofm ea-
sured galaxy redshiftsweneed very rened techniquesfor
substructureanalyses.
For instance,a suitable technique is wavelet analysis,
which can be perform ed on optical,X-ray (Slezak et al.
1994), and radio data (G rebenev et al. 1995). The
waveletanalysiswasrstapplied to astrophysicsasa two-
dim ensionaltechnique by Slezak et al. (1990). Subse-
quently,Escalera& M azure(1992)im proved thetechnique
by coupling it to redshift inform ation. In this paper we
describe a further im provem entin orderto better detect
substructuresin galaxy clusters.
The identication ofgalaxiesinvolved in structuresal-
lows us both to collect inform ation concerning the sub-
structuresthem selvesand toanalyzetheirkinem aticaland
dynam icaleecton clusters. The diculty in these anal-
yses arises from the possible presence,also in virialized
system s,ofvelocity anisotropies in galaxy orbits,which
m akes it dicult to deproject l.o.s. (i.e. line ofsight)
galaxy velocities. These problem sare taken into account
in ouranalyses,aswellasin oursubstructuredetection.
In x 2 we describe the m ain datasetused in this work.
x 3 isa description ofourm ethod. In x 4 we display the
m ain resultsofthestructureidentication forthe48 clus-
terswith respective kinem aticalanalysis. The resultsfor
each clusterare discussed in the appendix. Then,in x 5,
weattem pta classication oftypicalclusterm orphologies
and presentourgeneralresultsand discussionsregarding
thekinem aticaland dynam icaleectofthesubstructures.
In x6 we draw ourconclusions.
Throughout, all errors are at the 68% condence
level (hereafter c.l.), while the Hubble constant is 100
h  1 M pc  1 km s  1 .
2 T he D ata Sample
W e apply ourprocedure to a setof48 galaxy clusters,
whose data are taken m ainly from literature sourcesand
also from the recent ESO Nearby AbellClusters Survey
(ENACS)1,described in K atgertetal. (1996). The clus-
tersconsidered areAbellclustersexceptforthepoorclus-
terM K W 3S,which belongsto the clustereld ofA2063.
O nly well-sam pled clusters with a good levelofcom -
pletenessin m agnitudearesuitablefordetectingsubstruc-
tures.In fact,clusterregionswhich areoversam pled with
respect to the rest ofthe cluster could produce artifacts
which are not realsubstructures. Also a galaxy sam ple
random ly extracted from a m agnitude-com pletesam pleis
adequate to the study ofsubstructures,although in this
casethereisan obviouslossofinform ation.
Here we considered only galaxy sam ples which nom i-
nally have the above characteristics. Ifnecessary,we ex-
tracted from thewholedatasam pleam agnitude-com plete
one,according to the inform ation given by the authors.
W hen m ore than one redshiftsource is used,we checked
thata certain levelofcom pletenessisstillconserved.O ut
ofthe 48 clusters,ten include som e data from ENACS in
order to im prove the com pleteness in velocities (see Ta-
ble 1);ofthese,A151 and A3128 have alm ostexclusively
ENACS data. W e accept clusters with a m inim um level
ofm agnitude com pletenessof80% .Forsom eclusters,for
which we do nothave fullinform ation on m agnitude,the
com pletenesslevelisconsidered acceptablebytheauthors.
In four cases (A539,A1060,A2670 and A3526),we con-
sidered also an alternativeinitialsam ple,indicated by an
asterisk in Table 1,with a lower com pleteness levelor a
sm aller extension. These alternative sam ples are consid-
ered lessusefulforstructureanalysisand areused only to
investigate or conrm particular eects. In allcases we
referto theauthorsforthecharacteristicsofcom pleteness
lim its.
To fulll the com pleteness requirem ents, inform ation
is given throughout the whole eld down to a lim iting
m agnitude,and thereforethe foreground and background
objectsaresystem atically included.
1Concise inform ation on the EN AC Survey isavailable on the W W W athttp://www.eso.org/educnpubrelns/pr-05-96.htm l
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TABLE 1
T he D ata Sample
ClusterN am e N field R S type Velocities R ef. M agnitudes R ef. TX R ef. X -ray centers R ef.
(1) (2) (3) (4) (5) (6) (7)
A 0085................... 185 cD 3,38  12 20
A 0119................... 139 C 21,23 21,23 12 1
A 0151................... 142 cD 21,49 16,21 18 18
A 0193................... 65 cD 31  12 19
A 0194................... 200 L 9 9 34 7
A 0262................... 88 C 25,28,42  12 20
A 0399................... 227 cD 31  12 1
A 0401................... 227 cD 31  12 1
A 0426................... 128 L 35 35,63 12 20
A 0539 (A 0539*)... 189(153) F 45 43,64 12 1
A 0548................... 401 (F) 17,21 17,21 13 13
A 0754................... 89 cD 17 17 12 63
A 1060 (A 1060*)... 101(144) C 52,53 52,53 33 20
A 1146................... 84 cD 58  57 46
A 1185................... 77 C 3  12 4
A 1367................... 68 F 15,24,26,59 64 12 29
A 1631................... 90 C 17 17 18 18
A 1644................... 102 cD 17 17 12 20
A 1736................... 104 I 17 17 12 6
A 1795................... 98 cD 31  12 19
A 1809................... 69 cD 21,31 21 18 18
A 1983................... 100 F 17 17 18 18
A 2052................... 60 cD 21,38,50 21,64 12 1
A 2063................... 141 cD 3,31 16 12 4
A 2107................... 75 cD 44  12 41
A 2124................... 67 cD 31  18 51
A 2151................... 106 F 17 17 12 51
A 2197................... 89 L 27 64 30 51
A 2199................... 89 cD 27 17 12 51
A 2634................... 403 cD 5,8,32,48,54,62 5,8,32,62 12 53
A 2666................... 403 cD 5,8,32,48,54,62 5,8,32,62 30 29
A 2670 (A 2670*)... 122( 88) cD 55 55 12 4
A 2717................... 81 cD b 10,21 11,21 18 18
A 2721................... 104 cD 10,58 11 18 18
A 2877................... 110 C 38 16 12 29
A 3128................... 222 C 10,21 11,21 18 18
A 3266................... 172 cD 58  12 29
A 3376................... 84 L 17 17 18 18
A 3391................... 284 cD c 58  12 29
A 3395................... 284 F 58  12 29
A 3526 (A 3526*)... 123(105) F 14,36 14,36 12 20
A 3558................... 551 cD b 2,21,39,52,58 2,21,39 12 6
A 3562................... 551  2,21,39,52,58 2,21,39 12 19
A 3667................... 177 La 21,56 21,56 12 47
A 3716................... 106 F 10,17 17 18 18
A 3888................... 98 C 58  60 29
A 4038................... 51 F:(B)a 22,37 22 12 40
M K W 3S............... 141 cD 3,31 16 61 4
R EFER EN CES.{R S types:(a)Bahcall1977;(b)M errield & K ent1991;(c)Teague,Carter,& G ray 1990.O therreferences:(1)A bram opoulos
& K u 1983;(2) Bardelliet al. 1994;(3) Beers et al. 1991;(4) Beers & Tonry 1985;(5) Bothun & Schom bert 1988;(6) Breen et al. 1994;(7)
Burnsetal.1994;(8)Butcher& O lm er1985;(9)Chapm an,G eller,& H uchra 1988;(10)Coless& H ewett1987;(11)Coless1989;(12)D avid et
al.1993;(13)D avisetal.1995;(14) D ickens,Currie,& Lucey 1986;(15)D ickens& M oss1976;(16)D ressler1980;(17)D ressler& Shectm an
1988a;(18) Ebeling et al. 1996;(19) Edge & Stewart 1991a;(20) Elvis et al. 1992;(21) EN ACS;(22) Ettori,G uzzo,& Tarenghi1995;(23)
Fabricant et al. 1993; (24) G avazzi 1987; (25) G iovannelli, H aynes, & Chincarini1982; (26) G regory & Thom pson 1978; (27) G regory &
Thom pson 1984;(28)G regory,Thom pson,& Tit1981;(29)H EA SA RC A rchive (N A SA /G oddard);(30)H enriksen 1992;(31)H ill& O egerle
1993;(32) H intzen 1980;(33) Ikebe et al. 1994;(34) Jones & Form an 1984;(35) K ent & Sargent 1983;(36) Lauberts & Valentjin 1989;(37)
Lucey & Carter,1988;(38) M alum uth et al. 1992;(39) M etcalfe,G odwin,& Spenser 1987;(40) M cH ardy et al. 1981;(41) M cM illan et al.
1989;(42) M oss & D ickens 1977;(43) N ilson 1973;(44) O egerle & H ill1992;(45) O striker et al. 1988;(46) Pierre et al. 1994;(47) Piro &
Fusco-Fem iano 1988;(48) Pinkney,R hee,& Burns 1993;(49) Proust et al. 1992;(50) Q uintana et al. 1985;(51) R hee & Latour 1991;(52)
R ichter 1987;(53) R ichter 1989;(54) Scodeggio et al. 1995;(55) Sharples,Ellis,& G ray 1988;(56) Sodre et al. 1992;(57) Soltan & H enry
1983;(58) Teague,Carter,& G ray 1990;(59) Tit 1978;(60) W hite & Fabian 1995;(61) Yam ashita 1992;(62) Zabludo et al. 1993;(63)
Zabludo & Zaritsky 1995;(64) Zwicky etal.1961-1968.
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In the sam e spirit,close clusters belonging to a given
area are considered as a single eld : the procedure we
apply issupposed to retrieveindividualclusters,butwith
objective centersand m em bership which m ay dier from
traditionalones.Hence,we did considerin the sam eeld
six associations ofclusters: A399-A401,A2063-M K W 3S,
A2197-A2199,A2634-A2666,A3391-A3395,and thewhole
region ofthe Shapley concentration (containing clusters
A3558 and A3562).
Herewediscussonly clustereldswhich appearto have
at least 50 galaxies with available redshift in the m ain
peak ofthe velocity distribution (see next section). Rel-
evantentriesforthe clustersconsidered are shown in Ta-
ble1.In Col.(1)welisttheclusternam es;in Col.(2)the
num berofgalaxieswith m easured redshiftin each cluster
eld;in Col.(3)theRood-Sastry typegiven by Struble&
Rood (1987)forNorthern clustersand m ainly by Struble
& Ftaclas (1994) for Southern clusters;in Cols.(4) and
(5)theredshiftand m agnitudereferences,respectively;in
Cols.(6)and (7)thereferencesfortheadopted X-raytem -
peratures,hereafterT,and X-ray centers,respectively.
TheX-ray tem peraturesindicated by an asterisk in Ta-
ble1 arerough estim atescom ing from theX-ray lum inos-
ity,hereafterL,by m eansofthekT   L relation forthere-
spectivelum inosity band.In particular,we used the rela-
tion by Edge& Stewart(1991a)forA1146.ForA2197and
A2666weused therelation kT = 10  7 L(0:5  3K eV )0:17,
which weobtained forthe28 clustersin com m on between
thesam plesofDavid etal.(1993)and Henrikensen (1992)
by m eansofa directlinearregression.
3 T he M ethod
The purpose ofthis work is to point out any physical
structure which is present within the analyzed sam ple.
That im plies,rstly,identifying the cluster itselfwithin
its own environm ent,and then detecting the presence of
any subsystem lying in the region.
Due to thecom plex gravitationalphenom ena occurring
in the region ofa cluster,every physicalstructure is in-
deed characterized by correlations in space and velocity.
Therefore, no individual structure identication can be
perform ed withouttakingintoaccountboth kindsofinfor-
m ation sim ultaneously.A directthree-dim ensionalanaly-
sisisnotsuitable,since redshifts inside a clusterare not
puredistanceparam eters,owing to individualgalaxy m o-
tions within the cluster. But redshifts stillcontain the
traces of the dynam icalprocesses that form or dissolve
the system s. Depending on their nature,som e processes
willcreate localdepartures in the observables,the m ost
usualonesbeing the m ean and the standard deviation of
them easured radialvelocities(hereafterreferredtorespec-
tively asthe m ean velocity and the dispersion ).Hence,
theanalysisoflocalkinem aticsappearsaverysuitabletool
to study physicalprocessesoccurring in galaxy clusters.
3.1 Investigation oflocalkinem atics.
In this paper we callstructure any galaxy association
which m ay be physically connected through gravitational
processes. As stated in a previous work (E94), an ex-
ploitable sign ofthe presence ofthese structures within
their environm ent is a localdeparture in their m ean ve-
locitiesand dispersions.To em phasizethedynam icalpro-
cesses,which are presentwithin a cluster ofgalaxies,we
apply to each galaxy theweightterm  which isa m easure
ofthatgalaxy’skinem atics.Such weightsdo work aslocal
kinem aticalestim ators since the structure quantities are
com puted within a lim ited area ofradiusR s around each
galaxy.The sizeofthatarea isrelated to the scaleofthe
exploration (see below) and so,as previously stated,the
crucialaspect ofthis analysis is the use ofa m ulti-scale
approach.
In the following, is the velocity dispersion and v is
them ean velocity ofthen galaxiesfound in thearea con-
sidered;the labelloc refersto the localarea ofradiusR s,
while the labelm ain refersto thewhole eld.
The rstestim atorlooksforthe localdeparture ofthe
velocity dispersion :
S = n  (m ain=loc)
2
: (1)
In this way,low values oflocaldispersions willproduce
high valuesofS.
The second estim ator searches for localdepartures of
the m ean velocity :
V = n 

vloc   vm ain
m ain
 2
: (2)
Hence,prom inent departures in the localm ean velocity
(e.g.by overa m ain)willproducehigh valuesofV .
W e norm alize the weight term s  to their own m ean
valueswithin the whole cluster:
 = =: (3)
In thisway the value of doesnotdepend on the cluster
analyzed and itsm ean valueisequalto one.Hence,values
departing from unity directly identify the expected local
eects.
Now we form a third estim ator by com puting the
quadraticsum ofthe previoustwo :
P =
q
2
S
+ 2
V
: (4)
Finally we include a fourth estim ator which is a local
version ofthe Dressler param eter (Dressler & Shectm an
1988b,hereafterD88):
D =
nloc
m ain

p
(vloc   vm ain)
2 + (loc   m ain)
2: (5)
The estim ator P diers from D since the norm aliza-
tion on S and V isdonein eq.4 beforesum m ing rather
than aftersum m ing (asin eq.5 forD ). In thisway,the
4
estim ator P takes into account the departures in veloc-
ity and dispersion separately,while these two eects are
confused in D . Itm ustbe noticed thatE94 did use the
trueDresslerparam eterfornearly thesam epurpose.The
m ain dierence com pared to the above D is the restric-
tion to a lim ited area around thegalaxy considered,while
the Dressler param eter system atically includes 11 neigh-
boursin thecom putation,irrespectiveofthedistance.The
presentwork includessom eclustersalready considered in
E94,in a few caseswith thesam edataset;using thekine-
m aticalweightsm entioned above,wenow expecttodetect
som enew structures,e.g.thoseexhibitingdiscrepanciesin
the localdispersion or in the localm ean velocity,whilst
som epreviously detected structureswillno longerappear
signicant,according to the m ore localdenition ofthe
presentanalysis.
The condence level of the weight values is derived
from thestatisticscom puted on thesetofvaluesobtained
throughoutthe whole cluster. High valuescorrespond to
prom inentevents,which occuraround the galaxy consid-
ered.In thiswork we adoptthe classical3 s.d. threshold
abovethe m ean,which here refersto the statisticson the
weight values. In order to obtain a m ore reliable esti-
m ate ofthe condence level,we com pute the distribution
ofweights for the whole sets ofreplicas (see below). In
thisway,fora given scale ofanalysis,we obtain a listof
galaxieswhich arepresum ed to identify a structure.
3.2 Investigation ofthe subclustering processes.
O nce the technique ofindividualweighting is applied,
the spatialclustering ofthe galaxiesneeds to be quanti-
ed and estim ated in term sofstatisticalvalidity. There-
fore,we choose to perform the wavelettransform ,which
is particularly wellsuited for such purposes. The ability
ofgalaxiesto form structuresism easured objectively with
the waveletcoecientsin a m ulti-scaleway.
The starting datasetforwaveletanalysisis a bidim en-
sionaldistribution ofweighted galaxies,viz.a distribution
ofDiracfunctionsnorm alized to theweightsi.Theanal-
ysisconsiststhen in perform ingthetransform byawavelet
function.
The detailsofanalyzing a spatialdistribution ofgalax-
ies with the wavelet transform have been extensively
described in a series of previous papers (Escalera &
M acG illivray 1995 and references therein). In this work
we use the so-called M exican Hat wavelet,which m akes
the transform ata given scale insensitive to the presence
ofa gradientata m uch dierentscale(see also E94).
Therefore,the full-scale analysisisnotsensitive to the
presenceofsm all-scalestructuresand leadsto a denition
ofthe m ain system .
The m ain procedure ofouranalysisconsistsin investi-
gating sim ultaneously the localkinem atics (weights)and
the spatialclustering (wavelets). The two techniquesare
fully consistentwith each other,sincethey areboth objec-
tive (no free param etersand no prelim inary assum ptions
areneeded)and theyboth consistin am ulti-scaleanalysis.
Thepointistousethesam erangeofexplored areasforthe
weightterm sand forthewavelettransform .W hen investi-
gatingaspatialdistribution atagiven scales,theM exican
Hatexploresareasroughly extended for4s.Thus,consis-
tency with the weighting procedureisobtained by sim ply
exploring an area ofthe sam e radiusR s = 4s atthe tim e
ofcom puting the weightvalues.
In practiceweadopta seriesofthreesuccessivescales:
s= 0.03125,0.0625,and 0.09375,leadingtoexplored areas
ofradiusR s equalto 0.125,0.25,and 0.375,respectively,
in unitsofthem axim um radiusoftheeld analyzed.Such
a lim ited seriesappearssucientto retrieveany substruc-
ture presentin the sam ple. The only requirem entforde-
tecting conveniently a structureofa given sizeisto usean
im m ediateupperand lowerscale.Itisnottheaim ofthis
work to detect the sm allpairsortriplets;thus the lower
lim itof0.03125 doesfulllthe purpose.
Them em bership ofa given structureisthesetofgalax-
ies,within the explored area,selected by the weighting
technique, i.e. galaxies which have signicant weights
(j   j 3,see x 3.1)and conrm ed by waveletanal-
ysis. Then,the estim ate ofstructure size is determ ined
on theidentied m em bersby com puting theprojected ra-
dius.Thus,itispossiblethatwem ay retrievesom estruc-
tureswhich aresm allerthan thesm allestwaveletscalewe
use. Throughoutthe presentwork,the waveletscaleswe
use lead to resulting structureswith dim ensionsofabout
1.5 h  1 M pc(m edian value)forthem ain cluster,down to
about0.2h  1 M pcforthesm allestsubstructuresdetected.
W epreferred to usea relativearray ofscalesizesrather
than a xed onebecausewestudy clustersofdierentin-
trinsic sizesforwhich a xed scale could have a dierent
physicalinterpretation.Forinstance,0.5 h  1 M pccan be
the m easure for the globalsize ofa poor cluster or the
m easure for a clum p in a bim odalcluster. In ourproce-
duretherststep generally givestheclusterim m ediately,
independently of its dim ensions. W avelet analysis does
notrequire the use ofa scale rigorously equalto the size
ofthe structure,butitisonly necessary to approach this
value by close wavelet scales. Hence,the use ofa xed
array ofscale sizes ratherthan a relative one should not
have strong repurcussionson the determ ination ofstruc-
ture sizesifa sim ilar range ofsizes is exam ined. In par-
ticular,our evaluations ofstructure sizes depend on the
valuesofkinem aticalweightsand so they are notstrictly
linked to the choiceofthe array ofwaveletscales.
Thestatisticalsignicancesaresim ply derived by com -
paring the wavelet coecients obtained in the realeld
with those produced in a series of N replicas (see e.g.
Escalera & M azure 1992). The replicas are obtained by
drawingindependently thepositionsX iand Yifrom theX
and Y distributionsofthesam plestudied and then by ran-
dom ly reassigning the velocities. These replicas contain
allthe phenom ena thatcan produce random associations
ofgalaxies. By selecting the groupswhich do notappear
in thereplicaswesim ply separatetheunderlying physical
processesfrom therandom ones.Thuswenally arriveat
the probability that the observed structure is notdue to
a random ly associating processorto projection eects.
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Fig.1.| Illustration on a toy-m odel. A sim ulated regular cluster(Figures on the top)com pared to a perturbed cluster (Figures
on the bottom ). Figures at the left show the distribution ofgalaxies: the sym bolsize increases towards low values ofvelocity.
Substructuresin perturbed clusterare thusclearly visible. Figures atcentershow the distributions ofthe weighted galaxies: the
sym bolsize now increasestowardshigh valuesoftheweightD .In thecaseoftheperturbed cluster,theselection ofthesignicant
valuelocatesdeparturesin thelocalkinem atics.O n thecontrary,in theregularcluster,noneoftheobserved  valuesissignicant.
Figuresattherightshow thewaveletim agesoftheaboveweighted bidim ensionalm aps,i.e.theisophotesofthewaveletcoecients.
As above,the perturbed cluster shows signicant features (com pared to random sim ulations) which do correspond to the input
substructures,while the regularclusterdoesnotcontain any signicantfeatures.
W e point out that an appreciable im provem ent in the
analysiscom esfrom the factthatdeparturesin m ean ve-
locity and in dispersion are investigated separately, by
m eansofspecic weightterm s.
Foreach clusterwe consider4 weightterm sat3 dier-
entscales,obtaining in thatway a seriesof12 m aps.W e
retain a structure ifitappearssignicantin atleastone
ofthese m aps.
The m ain resultsarethe structurepositionsderived by
the location ofthe localm axim um ofthe wavelet coe-
cients,the fullm em bership given by the list ofgalaxies
responsiblefortheobserved localdeparturein kinem atics,
and the signicancelevel,which isthe probability forthe
observed structure to be reproduced within the random
replicasoftheanalyzed data.Them em bership identica-
tion m akespossiblea dynam icalanalysisofthestructure.
3.3 Illustration on a toy m odel.
W eincludeherean exam pleofa practicalapplication of
thewholedetection analysisto a toy m odel,with theonly
purpose ofem phasizing the possibilitiesand the lim itsof
ourdetection procedure.Fora fullillustration ofourpro-
cedure,whereweconsiderm any alternativetoy m odelsby
varying the positions,extents,and dynam icsofthe input
substructures,wereferto Escalera & M acG illivray (1995)
and referencestherein.
Thesim ulationsweusehereconsistin a regularcluster
com pared to a perturbed cluster.The regularclusterhas
a sm ooth sym m etric density prole (viz. the so-called
K ing prole) and a G aussian velocity distribution. The
second cluster, sim ilar to the regular one in extension,
population,and globalkinem atics,consistsin a m ain fully
regularstructure(M )perturbed by a loosetriplet(D)and
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by threeregularsubstructures(A,B,C)which aredistinct
from each other in population and extension and are in-
serted within the lim itsofM .Thesubgroupsdepartfrom
M in term sofm ean velocityand/ordispersion (seeTable2
and Figure1).
TABLE 2
D etection in a toy model
Structure N gal X Y v  PS L
IN PU T
total 353 0.0 0.0 14944 1759
M 200   16.2   31.7 15070 1059
A 75   12.2 493.0 12572 419
B 50 508.3   9.0 17627 728
C 25   214.3   208.5 15956 76
D 3 203.0 403.0 12003   
O U T PU T
M 196   13.5   27.1 15040 1066   
A 75   12.0 490.8 12578 434 0.00
B 51 506.8   7.9 17602 754 0.00
C 28   214.2   209.6 15952 92 0.00
D 3 203.0 403.0 12003    0.01
As one can see in Table 2,A is alm ost com pletely de-
tected,with one true objectm issing and one false object
(interloper) included,and its dynam ics is accurately ob-
tained. B is fully detected with the addition ofa single
falseobjectwhich doesnotsignicantly perturb them ain
dynam icsofthe structure. C is also fully detected,with
the addition of3 false objects,so itsdispersion isslightly
overestim ated,though within theerrorbars,and itsm ean
velocity rem ainsacceptablesince-by denition -thecon-
tam inating objectsarerelated to therealdynam icsofthe
subgroup. Finally, the close triplet D is detected with
no contam ination. The resulting m ain cluster M is ob-
tained by subtraction ofthe detected substructures,and
consequently appearsvery closeto the inputdata:only 5
objects are m issing (wrongly attributed to the substruc-
tures)and one isadded. Then,asexpected,no clum p is
signicantly detected in the regularcluster.
In Table2 welistthestructurepositions,i.e.centerco-
ordinatesin arbitrary unitswith a m axim um errorof7.8
units; the m em bership,which leads to the com putation
ofthe m ean velocity v and dispersion ;the signicance
level,i.e.thepercentageofsim ilarstructuresfound in the
sim ulations.Through the wholepaperweused a seriesof
1000 sim ulationsto com putethe signicancelevels.
W hen showing the detection power ofa m ethod,it is
also im portantto keep in m ind itslim its. W e stressthat
thestructuresaredetected iftheydepartsignicantlyfrom
the environm ent(clusterfrom eld,orsubstructure from
cluster), i.e. if vloc departs from vm ain by m ore than
0:3 m ain,and/orloc issm allerthan 0:8 m ain.M ore-
over,the m em bership is retrieved with an errorofabout
10% ,i.e. one object out of10 can be m issed and/or re-
placed by a contam inating object.
O bviously,theposition ofthestructurewithin theclus-
ter and its relative extension aect the eciency ofthe
detection.In practice,structuresthatdonotobey atleast
oneoftheabovetwocriteriawillbem issed;e.g.structures
with low departuresofv arenotsignicantifthey arenot
wellseparated in the m ap. They justresem ble projected
random uctuationsofthe 3-D distribution.O n the con-
trary,structuresthatfulllthe two above conditionscan
be easily detected whatevertheirrelative population and
location within the clustereld m ay be.
3.4 Procedure on realdata
Theapplication to realdata oftheproceduredescribed
aboverequiresaprelim inaryidentication ofthetrueclus-
ter in the eld. The fullsystem identication therefore
consistsin a seriesofthree successive stagesarranged as
follows.
1.M ain Peak. Severalm ethodshavebeen proposed in
the literature foridentifying coherentphysicalsystem sin
redshiftsurveys(see,e.g.,M azureetal.1996).In thispre-
lim inary stage,however,we do not want to prem aturely
break up physicalsystem s. W e only wantto identify ob-
vioussubsystem s(fore-and background groups),keeping
the dom inantsystem intactforfurtherthree-dim ensional
analysis. In order to avoid unnecessary sophistication,
we used the Poissonian G ap m ethod,which is a sim ple
and stable m ethod for dening system s. The gap is the
separation between adjacent galaxies in the velocity dis-
tribution. For each cluster eld, gaps greater than the
m edian value generally correspond to unrelated system s,
asrecently dem onstrated by K atgert& al. (1996). Such
conclusionsdo notdepend on noise eectsaslong asthe
sam plesarecom pleteenough and do contain a reasonable
population (nam ely  30 galaxies). Both conditions are
fullled in ourdataset.
W hen m orethan onesystem isfound in theeld,forfur-
theranalysisweretain only thosewith atleast50galaxies.
2. M ain System . The present stage introduces the
three-dim ensionalanalysis and consists in exploring the
sam ples at a large scale (s = 0.125). In this way, the
considered area approaches the whole eld (R s = 0.5);
thus the local kinem atics is close to that of the whole
eld. Therefore,at this stage,we spatially identify the
true cluster within the selected m ain peak. Since in any
case we com bine positions and redshift inform ation,the
rem aining background/foreground galaxiesare also iden-
tied and rem oved.These galaxiesinitially belong to the
m ain peak of the velocity distribution, but are indeed
outsidethespatiallim itsofthedetected structure.In the
case ofbim odalclusters and oftwo distinct populations,
which overlap in velocity,wecan clearly separatethem by
com bining galaxy positionswith kinem aticestim ators.At
thisstageunconnected subsystem sarelisted and rem oved
forfurtheranalysis.
3. M ulti-scale analysis. W e calculate the weights(de-
scribed in x 3.1) for each galaxy by taking into consid-
eration a surrounding area,whosesizecorrespondsto the
chosen scale.Aspreviouslystated,them ulti-scaleanalysis
consistsin taking a seriesofdecreasing scales.
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Fig.2.| A realexam ple: A2063-M K W 3S eld. (A)Selection by gapperprocedure ofthe m ain peak in the redshiftdistribution
(roughly from 9000 to 15000 km s 1 ); (B) Spatialdistribution of galaxies in the m ain peak (sym bolsizes increases towards
low redshifts) and corresponding isopleths ofthe wavelet coecients,as a result ofthe large scale bi-dim ensionalanalysis; (C)
Substructure identication by applying the weight term s D ,V ,and S respectively,with large sym bols corresponding to large
departure in the localkinem atics;(D )Isoplethsofthe waveletcoecientsobtained through analysisofthe weighted clusterasin
C1,C2,and C3 respectively.Both structuresarepresentin theD im age(D 1),whiletheV im age(D 2)showsonly thebackground
structure,whose departurein thelocalm ean velocity ishigh.The S im age (D 3)showsthe m ain concentration;there are,in fact,
no strong deviationsfrom thelocaldispersion in thissam ple,so only spatialclustering isretrieved;(E)Them em bership ofthetwo
structuresindicated by two dierentsym bols;(F) Com parison between the velocity dispersion proles ofthe initialm ain sam ple
and the two selected structures,m ain concentration (F1) and background structure (F2),respectively. In com puting the proles
the respective X-ray centersare used.The corresponding X-ray tem peratureswith theirerrorbandsare plotted forcom parison.
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The above procedure can be sum m arized with the fol-
lowing sym bols:
 eld,the initialsam ple(whole clustereld).
 M P,the m ain peak,which resultsfrom the Poisso-
nian gap m ethod.
 US,orUS1,US2,etc.,unrelated structures,areco-
herentsystem sunrelated to theclusterand areiden-
tied from thebi-dim ensionalanalysisatthelargest
scale.An US structure isconsidered asa secondary
m ain system ifits population is at least  25% of
the prim ary m ain system (see below M S1,M S2).
 M S,the m ain system ,which generally corresponds
to the identied cluster.
 M S1, M S2, two com parable m ain structures, e.g.
two clustersin the sam e eld orindividuallobesin
the caseofa bim odalcluster.
 S orS1,S2,etc.,the successive substructures,out-
putsofthe m ulti-scalestructuralanalysis.
 C,thecorestructures,i.e.structuresdetected in the
centralclusterregion,whose m ean velocitiesdo not
signicantly dierfrom the respective clusterm ean
velocities(i.e.thedierenceislessthan thevelocity
dispersion ofthe clusteritself).
Som etim eswe needed to analyzethe eectofrem oving
a substructure from the parent structure. W e refer to
the rem aining galaxies by inserting a sign ofsubtraction
between the sym bolsofstructures,e.g. M S-S1-S2 ifsub-
structuresS1 and S2 arerem oved from the M S structure.
Foreach clusterwehaveto exam inetwelvegures(four
weightsatthreedierentscales).W eillustratetheproce-
duredescribed aboveby giving thecom pletesetofgures
forthe eld ofA2063-M K W 3S (see Figure 2).Itconsists
ofa m ain regularclusterwith a poorbackground cluster
which isonly  3000 km s  1 away and thusgivesa clear
representation ofthe way the m ethod works.
4 T he D etected Structures
Theresultsofourstructuralanalysis(x3)ofgalaxyclus-
tersare presented in Table 3,which also containsthe ba-
sickinem aticalpropertiesofthe detected structures.The
structuresm entioned havea condencelevel 99.5% ,i.e.
lessthan 5 chancesin 1000 ofbeing dueto a random con-
guration. In som e few cases,however,we do include re-
sultsfor lesssignicantstructureswhich appearto be of
som eparticularinterest(asspecied in Table3).In prin-
ciple,each structure correspondsto a physicalstructure.
Artifacts and eld contam ination are not touched in the
discussion.
W eapplied hom ogeneousproceduresto thestudy ofthe
detected structures. In order to determ ine the center of
structures,weused thetwo-dim ensionalapplication ofthe
adaptive kernelm ethod (e.g Pisani1993; G irardiet al.
1996 and referencetherein).
Then,theprojected radiusR ofthestructuresisdeter-
m ined asthem axim um projected distancefrom thecenter
forallthe galaxiesbelonging to the structure.
W e used robust m ean and dispersion estim ates com -
puted by using the RO STAT routinesby Beers,Flynn &
G ebhardt (1990). As an estim ator ofthe G aussianity of
velocity distributions,we adopted the probability PW as-
sociated with theW -test(Shapiro& W ilk 1965).Rem ark-
ably,non-G aussian velocity distributionscould be due to
the presence ofsubstructures,butalso to the presence of
velocity anisotropies (M erritt 1987);thus the absence of
G aussianity isonly a sign ofpossible substructures.
Hence,forallthedetected structures,Table3 givesthe
following entries: the eld nam e and their nature,indi-
cated by sym bols as described in x 3.4; the num ber of
involved galaxies N ;  and  coordinates ofthe galaxy
density center,epoch 1950;theoverallprojected radiusR
(in h  1 M pc); the m ean velocity v; the PW probability
and velocity dispersion  (in km s  1 )with therespective
bootstrap errors;the nam e ofthe identied cluster: this
identication isparticularly usefulwhen theeld contains
m orethan one cluster.
The spatialdistributions ofgalaxies ofidentied clus-
ters,which show internalstructures(substructuresand/or
corestructures),aredisplayed in Figure3.
Foreach identied cluster,and otherinteresting struc-
tures,in Figure 4 we show the respective velocity disper-
sion prole,hereafter VDP,which,at a given radius,is
the averaged l.o.s. velocity dispersion within this radius.
The horizontallines in Figure 4 show the values ofthe
velocity dispersion obtained from the tem peratures (see
Table 1) under the condition ofa perfect galaxy/gasen-
ergy equipartition,i.e.with  = 2=(kT=m p)= 1,where
 isthe m ean m olecularweightand m p the proton m ass
(see e.g. Sarazin 1986 and references therein). Ifboth
galaxiesand gasare in dynam icalequilibrium within the
cluster,oneexpectsthattheobserved  willcoincidewith
thatobtained from T.
The square ofl.o.s. velocity dispersion,as com puted
on the whole cluster, is a third of the squared spatial
velocity dispersion independently ofthepresenceofveloc-
ity anisotropiesin galaxy orbits(e.g.The & W hite 1986;
M erritt1988).However,velocity anisotropiescan strongly
inuencethel.o.s.velocity dispersion,ascom puted on the
centralcluster region. In particular,the presence ofcir-
cularorbitsin the centralclusterregion,asexpected in a
relaxed cluster,produces a VDP decreasing towards the
cluster center (e.g. Sharples et al. 1988). O n the other
hand,the presence ofradialorbitsin the externalregion,
as expected for a cluster with galaxy infall, produces a
VDP increasing towards the cluster center (e.g. M erritt
1987). The VDPs ofour identied clusters are generally
atin the externalregions.
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TABLE 3
D etected Structures
Sam ple nam e N C enter 1950 ( , ) R < V > P W  Identified
(M pc) (K m /s) (K m /s) cluster
A 0085............ M P = M S 124 003904.9  093356 1.74 16605 0.1 1015 (  72, + 83) A 85
S 7 003906.5  093528 0.22 13869 32.7 352 (  17, + 252)
A 0119............ M P = M S 123 005345.9  013125 1.26 13258 7.5 769 (  61, + 69)
A 0151............ M P 95 010621.2  154039 1.73 15062 < 0:1 1860 (  133, + 108)
M S1 65 010621.4  154036 1.59 15952 63.5 708 (  55, + 69) A 151
M S2 28 010625.5  161408 0.82 12317 47.8 391 (  43, + 77)
A 0193............ M P = M S 56 012228.2 082619 0.89 14559 26.0 726 (  61, + 78) A 193
S 4 012236.2 082328 0.04 14648 8.2 171 (  33, + 162)
A 0194............ M P 156 012317.5  013644 4.55 5348 < 0:1 579 (  76, + 185)
U S1 16 012053.1 012307 3.85 9683 22.7 490 (  52, + 90)
U S2 15 012033.1  005137 4.94 8381 7.6 619 (  40, + 128)
M S 121 012317.6  013640 4.55 5354 7.6 426 (  31, + 46) A 194
S1 3 013129.7  011852            
S2 7 011022.8  003321 0.42 5390 91.1 178 (  23, + 59)
C 19 012319.2  013553 0.98 5279 10.3 249 (  29, + 43)
A 0262............ M P 83 014951.1 355314 5.77 4904 12.9 538 (  37, + 54)
M S 48 014949.1 355310 2.53 4881 23.8 528 (  42, + 59) A 262
A 0399  401.... M P 214 025613.6 132434 3.72 21838 10.0 1201 (  45, + 70)
M S1 86 025612.8 132433 1.99 21901 15.0 1012 (  60, + 76) A 401
M S2 79 025507.3 124755 1.44 21151 1.4 961 (  55, + 71) A 399
A 0426............ M P 126 031621.8 412155 2.65 5243 3.7 1239 (  97, + 115)
M S 122 031621.8 412155 2.64 5228 68.2 1138 (  80, + 92) A 426
C 37 031624.1 412200 0.53 5081 37.9 1154 (  99, + 133)
A 0539............ M P 177 051917.4 032341 13.19 7061 < 0:1 2415 (  99, + 59)
M S1 65 045617.1  003552 9.89 4478 < 0:1 382 (  53, + 96)
C 1 25 045616.5  003541 2.73 4428 59.4 267 (  27, + 40)
M S2 85 051357.3 062413 13.72 8619 6.6 449 (  39, + 57)
C 2 19 051733.3 063202 2.60 8797 7.1 227 (  43, + 70) A 539
A 0539*.......... C 36 051355.6 062334 0.36 8662 27.6 985 (  76, + 108)
C 1 23 051354.0 062655 0.36 8112 11.1 620 (  85, + 89)
C 2 13 051409.0 062758 0.49 9709 11.8 402 (  36, + 78)
A 0548............ M P 341 054326.9  255739 2.61 12416 0.8 842 (  24, + 29)
M S1 190 054326.8  255738 1.51 12603 0.2 880 (  31, + 40) A 548SW
S1 12 054112.6  255734 0.16 11645 68.0 691 (  83, + 136)
S2 43 054327.3  255726 0.56 13047 5.3 657 (  63, + 63)
S3 17 054233.7  263538 0.41 11862 63.4 303 (  33, + 61)
S4 17 054226.8  260540 0.48 12192 22.2 643 (  49, + 96)
M S2 149 054636.5  253110 1.16 12167 < 0:1 680 (  26, + 30) A 548N E
A 0754............ M P 89 090711.0  093108 2.64 16257 < 0:1 817 (  77, + 130)
U S 8 090535.2  094736 0.72 15889 10.0 477 (  89, + 385)
M S 38 090708.3  093049 1.42 16428 0.7 495 (  56, + 82)
M S1 22 090618.7  092155 0.76 16218 0.4 409 (  17, + 109) A 754N W
M S2 16 090710.1  093019 0.88 16717 3.9 531 (  92, + 110) A 754SE
C 8 090709.9  093023 0.90 16950 12.9 607 (  61, + 118)
A 1060............ M P = M S 94 103411.4  271436 2.27 3752 8.2 634 (  41, + 45) A 1060
S 5 103217.8  281905 0.05 3402 0.7 130 (  2, + 22)
C 14 103414.0  271456 0.27 3881 13.6 748 (  74, + 117)
A 1060*.......... M P = M S 125 103411.6  271442 2.26 3739 17.8 633 (  32, + 47)
C 40 103411.7  271428 0.79 3690 3.9 780 (  51, + 63)
A 1146............ M P = M S 61 105850.1  222806 1.72 42646 73.7 1028 (  96, + 93) A 1146
A 1185............ M P 69 110802.2 285803 4.51 9127 1.8 1240 (  90, + 123)
M S 55 110802.3 285803 4.64 9470 3.2 786 (  54, + 54) A 1185
C 23 110744.8 285746 1.27 9344 22.4 567 (  46, + 88)
A 1367............ M P = M S 68 114137.4 200601 0.98 6432 40.0 838 (  68, + 81) A 1367
S 6 114119.8 201415 0.09 6391 49.3 330 (  22, + 103)
A 1631............ M P = M S 71 125020.6  150453 1.96 13962 48.9 703 (  47, + 54) A 1631
C 15 125019.7  150434 0.65 13583 18.7 530 (  76, + 100)
C 1 6 125019.5  150431 0.13 13704 41.0 310 (  56, + 131)
A 1644............ M P 91 125444.4  170748 1.98 14120 14.1 927 (  78, + 89)
M S 84 125446.2  170939 1.90 14020 76.7 763 (  50, + 64) A 1644
A 1736B .......... M P 63 132426.5  265337 2.14 13812 4.7 976 (  64, + 66)
M S 51 132428.3  265435 1.54 13594 2.6 824 (  47, + 65) A 1736B
A 1795............ M P 85 134632.4 264905 1.79 18888 0.1 873 (  75, + 121)
M S 83 134632.4 264905 1.79 18885 56.4 828 (  72, + 88) A 1795
C 28 134629.9 264825 0.41 18833 19.8 623 (  67, + 89)
A 1809............ M P 60 135025.2 052241 1.66 23696 37.1 758 (  65, + 86)
M S 54 135025.1 052241 1.34 23737 4.7 501 (  35, + 40) A 1809
A 1983............ M P 81 145038.2 165346 1.82 13471 < 0:1 634 (  70, + 132)
M S 75 145038.2 165346 1.70 13492 0.7 514 (  43, + 52) A 1983
S 5 145058.4 165154 0.23 12606 50.7 253 (  42, + 130)
A 2052............ M P 51 151418.3 071335 1.12 10553 32.7 641 (  56, + 95)
M S 46 151416.8 071246 1.09 10459 9.1 561 (  73, + 87) A 2052
A 2063  .......... M P 127 151911.5 075400 6.76 10934 < 0:1 1404 (  123, + 148)
{M K W 3S M S1 91 152037.8 084742 5.15 10535 4.4 679 (  46, + 49) A 2063
S 7 151922.8 083508 0.34 11670 57.2 997 (  74, + 383)
M S2 26 151911.4 075356 1.33 13499 48.1 603 (  59, + 61) M K W 3S
A 2107.............. M P = M S 68 153729.6 215805 1.00 12337 64.0 684 (  60, + 79) A 2107
A 2124.............. M P 62 154257.0 361433 1.21 19663 52.7 872 (  67, + 96)
M S 60 154259.0 361502 1.21 19619 20.9 809 (  60, + 73) A 2124
A 2151.............. M P 100 160311.4 175344 1.61 11034 51.3 801 (  46, + 64)
M S 98 160311.6 175344 1.61 11011 12.8 762 (  49, + 47) A 2151
S1 19 160318.1 175413 0.42 10288 30.2 644 (  68, + 81)
S2 29 160337.3 181556 0.66 11259 79.0 490 (  47, + 74)
S3 5 160419.9 175429 0.12 11786 45.7 219 (  17, + 115)
A 2197  2199.... M P 78 162835.9 404423 13.59 9171 86.7 686 (  48, + 69)
M S 66 162835.9 404357 3.59 9094 20.8 635 (  41, + 65)
(M S1) 37 162705.2 394240 3.24 9303 54.2 686 (  62, + 88) A 2199
(S1) 4 162918.5 395620 0.17 8883 94.0 413 (  100, + 149)
(M S2) 30 162835.1 404502 2.47 8988 13.5 585 (  84, + 72) A 2197
(S2) 4 162654.2 411600 0.10 9924 7.3 695 (  53, + 724)
A 2634  2666.... M P 300 233606.5 264536 13.76 9074 < 0:1 1409 (  82, + 120)
M S 264 233606.5 264536 5.63 9120 0.9 1145 (  63, + 82) A 2634=
S1 26 234829.4 265735 1.26 8079 50.3 386 (  63, + 111) = M S-S1-S2
S2 22 233806.7 263409 2.35 11494 4.9 377 (  25, + 58) A 2666
A 2670.............. M P 115 235139.9  104117 1.11 22904 5.4 1010 (  70, + 85)
M S 111 235139.9  104117 1.11 22933 14.9 918 (  47, + 65) A 2670
A 2670*............ M P 79 235140.0  104148 0.29 22867 25.4 1103 (  67, + 79)
U S 8 235129.5  104210 0.10 21096 57.9 443 (  61, + 153)
M S 68 235140.7  104151 0.30 23026 4.0 912 (  66, + 65)
A 2717.............. M P 53 240035.0  361229 1.26 14715 47.7 488 (  38, + 49)
M S 52 240036.6  361219 1.26 14703 11.0 467 (  35, + 38) A 2717
C 18 240033.8  361257 0.47 14276 9.7 364 (  33, + 47)
A 2721.............. M P 83 000334.6  345928 1.61 34356 < 0:1 1092 (  148, + 249)
M S 75 000335.0  345940 1.59 34292 21.6 841 (  63, + 90) A 2721
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TABLE 3 | Continued
Sam ple N am e N C enter 1950 ( , ) R < V > P W  Identified
(M pc) (K m /s) (K m /s) C luster
A 2877.............. M P 97 010734.9  461300 1.09 7267 2.7 973 (  77, + 82)
M S 86 010735.8  461308 1.04 7111 51.3 744 (  51, + 63) A 2877
C 16 010730.4  461430 0.14 6779 62.5 447 (  42, + 65)
S 7 010645.0  460347 0.11 7455 40.8 345 (  27, + 108)
A 3128.............. M P 186 032927.9  524045 2.39 17996 11.7 869 (  47, + 67)
U S 22 032620.7  531801 1.54 18006 27.3 388 (  74, + 95)
M S 157 032927.5  524035 2.14 17957 14.8 841 (  44, + 51) A 3128
C 61 032929.6  524017 0.98 17675 1.9 685 (  42, + 54)
A 3266.............. M P 130 043007.3  614030 1.33 17811 78.3 1154 (  67, + 92)
U S 23 043215.8  612750 0.43 17512 59.4 528 (  52, + 72)
M S 96 043026.8  613347 1.04 17832 8.3 1138 (  74, + 94) A 3266
A 3376.............. M P = M S 77 060037.9  395622 2.29 13909 95.3 737 (  57, + 88) A 3376
S 11 060034.1  395642 0.92 14156 18.1 313 (  39, + 117)
A 3391  3395.... M P 211 062636.0  542435 2.64 15424 < 0:1 1241 (  47, + 63)
M S1 151 062632.2  542426 2.54 14890 2.4 823 (  43, + 51) A 3395
C 1 87 062627.9  542433 0.80 15107 16.0 740 (  51, + 56)
M S2 53 062514.2  533951 2.64 17081 5.2 786 (  53, + 78) A 3391
C 2 29 062515.5  533941 0.75 16476 18.1 581 (  40, + 73)
A 3526.............. M P 112 124659.4  410644 1.49 3623 < 0:1 930 (  46, + 46) A 3526
M S1 67 124636.1  410224 1.14 3005 0.4 562 (  34, + 54) A 3526A
M S2 44 124936.3  410055 2.21 4572 40.2 294 (  28, + 40) A 3526B
C 15 124933.8  410105 0.46 4749 60.8 150 (  19, + 37)
A 3526*............ M P 102 124710.0  410844 1.68 3533 0.3 883 (  45, + 47)
M S1 69 124700.3  410442 1.48 3063 0.7 520 (  39, + 49)
S 8 124704.0  405238 0.58 2078 73.1 183 (  24, + 50)
M S2 31 124928.2  410138 1.82 4561 32.9 249 (  25, + 24)
C 6 124930.0  410255 0.45 4856 57.8 96 (  10, + 28)
Shapley............ M P 482 132501.2  311324 4.61 14277 < 0:1 1075 (  36, + 48)
concentration U S1 21 132056.8  312950 0.67 14340 82.1 583 (  64, + 91)
U S2 83 133208.6  312241 1.67 14008 0.3 1416 (  134, + 125)
(U S2S) 20 133046.0  311739 0.57 14098 42.7 717 (  70, + 87) A 3562
M S 373 132501.2  311324 2.59 14292 12.4 994 (  33, + 45)
S1 44 132625.5  310215 0.71 15044 0.5 755 (  73, + 78)
S2 46 132822.5  313110 0.78 13745 < 0:1 725 (  50, + 85)
S3 95 132459.6  311307 0.95 14320 1.6 735 (  41, + 49) A 3558
A 3667.............. M P 163 200653.5  564955 2.66 16664 59.7 1094 (  55, + 81)
M S 152 200653.5  564955 2.67 16683 68.8 1052 (  66, + 72) A 3667
S 11 201002.4  570835 0.39 15943 76.4 487 (  60, + 102)
A 3716.............. M P 92 204813.4  525820 2.20 13684 9.4 843 (  54, + 54)
M S 62 204813.3  525822 1.06 13433 9.6 817 (  47, + 65) A 3716S
A 3888.............. M P 74 223130.2  375948 1.50 45444 1.0 1826 (  180, + 248)
M S 64 223132.2  375938 1.53 45682 9.5 1307 (  92, + 100) A 3888
A 4038.............. M P = M S 43 234505.4  282443 0.46 8630 1.0 898 (  116, + 112) A 4038
N O TE.{ The bracketed structures are detected at a c.l. < 99:5% . The sam ples m arked by an asterisk are alternative initialsam ples,with a
lowercom pletness levelor a sm allerextension.
This suggests that we are considering a region
large enough so that the eects of (possible) velocity
anisotropies are already averaged and hence the global
value ofgalaxy velocity dispersion isindependentofpos-
sible velocity anisotropies. Therefore,we take the VDP-
valuecorrespondingto theexternalregion asourestim ate
of.In thispaperweinterprettheobserved behavioursof
theVDP in internalregion asbeing dueto thepresenceof
velocity anisotropy although they could be explained also
by peculiarities of internalrelative distribution of m ass
and galaxies(e.g.M erritt1987).
5 G eneral R esults and D iscussions
O ur fairly large sam ple ofclusters enables us to draw
som e generalresultsin a statisticalway. In the following
analyses,we do notconsiderclusters A2197,A2199,and
A3562,which areidentied with a sm allstatisticalsignif-
icance,and cluster A539,whose internalstructure is not
clearly understood.
These analysesconcern the \identied clusters" which,
in 21cases,donotcorrespond to them ain peak.Forthese
21 clusters,ourclusteridentication alwaysleadsto a re-
duction in thevalueof;the ofthe m ain peak showsa
m ean overestim ateofabout18% ,with am axim um of58%
forclusterA1185.
In general,after the cluster identication,the velocity
dispersion prole(VDP)becom eslessnoisy and atterin
theouterregions.TheVDP drasticallychangesin thecase
ofeldswhich contain m ore than one system (see Figure
2).
5.1 M orphologicalclassication
O neofourm ain aim sistheclassicationofthestructure
ofgalaxy clustersin orderto betterunderstand theirm or-
phology. In Table 4 we attem pta classication based on
the substructures detected within each cluster area. W e
only classify the sam ples identied as identied clusters,
without considering the initialcluster elds whose m or-
phologiesdepend on the extension ofthe observed area.
W eintroducesom em orphologicalcategories,which de-
pend on the clusterappearanceatdierentscales.
W e denethree categories:
Unim odal: these clusters appear as single system s at
largescales.
Bim odal:these clusters(A754,A548,A3526)show two
m ain system satlarge scales. M oreover,we consideralso
A1736 and A3716 to be bim odalclustersasthey are well
known to be bim odalin the literature,although in this
paperweanalyzed only oneoftheircom ponents.
Com plex : these clusters show substructures which in-
volvea largepartofthem ain system itself(clusterA2151
and the clum p denom inated A548SW ).
Forclustersanalyzed,welistin Table4 thepresenceof
substructuresand/orany kind ofirregularity detected in
our analysis ( i.e. a non-G aussian velocity distribution,
PW < 5% ,and/ora cD galaxy with peculiarvelocity).
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Fig.3.| Spatialdistribution ofgalaxiesofidentied clusters,which haveinternalstructures,are shown.Contourscontain allthe
m em bersassigned to respective substructures.X-ray centersare indicated by crosses.
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TABLE 4
M orphological C lassification
C luster M orphology Irregularities C luster M orphology Irregularities
(1) (2) (3) (1) (2) (3)
A 0085 U ni sub,PW < 5% A 2052 U ni   
A 0119 U ni    A 2063 U ni sub,pec. cD ,PW < 5%
A 0151 U ni    A 2107 U ni pec. cD
A 0193 U ni sub A 2124 U ni   
A 0194 U ni sub A 2151 C om p sub
A 0262 U ni    A 2634 U ni PW < 5%
A 0399 U ni PW < 5% A 2666 U ni   
A 0401 U ni pec. cD A 2670 U ni pec. cD
A 0426 U ni    A 2717 U ni   
A 0548 B i    A 2721 U ni   
SW C om p sub,PW < 5% A 2877 U ni sub
N E U ni PW < 5% A 3128 U ni   
A 0754 B i    A 3266 U ni   
N W U ni PW < 5% A 3376 U ni   
SE U ni PW < 5% A 3391 U ni pec. cD
A 1060 U ni sub A 3395 U ni   
A 1146 U ni pec. cD A 3526 B i   
A 1185 U ni PW < 5% A U ni PW < 5%
A 1367 U ni sub B U ni   
A 1631 U ni    A 3558 U ni pec. cD ,PW < 5%
A 1644 U ni pec. cD A 3667 U ni sub
A 1736 B i    A 3716 B i   
A       N      
B U ni PW < 5% S U ni   
A 1795 U ni    A 3888 U ni   
A 1809 U ni PW < 5% A 4038 U ni PW < 5%
A 1983 U ni sub M K W 3S U ni   
N O TE.| \U ni",\Bi",\Com p",m ean unim odal,bim odal,and com plex,respectively. \Sub" indicates the
presence ofsubstuctures,\pec. cD " the presence ofa cD galaxy with peculiar velocity,and \PW < 5% " a
low probability ofG aussianity ofthe velocity distribution.
Herea cD galaxy isdened ashaving a peculiarvelocity
by adopting the robusttestby G ebhardt& Beers(1991),
and considering the 95% c.l.
Fora lim ited num berofclusterswem adea com parison
with theresultsobtained by G urzadyan & M azure(1996)
by m eansofa recently developed m ethod,which enables
oneto study thehierarchicalpropertiesofthesubsystem s
by taking into accountthepositions,redshiftsand m agni-
tudesofclustergalaxies,and thustoassign thefullsystem
m em bership (seeG urzadyan,Harutyunyan,& K ocharyan
1994).Forsix clustersin com m on with oursam ple,there
appears to be fair agreem ent in the identication ofthe
m ain system and ofthe m ostprom inentsubstructures.
O utof44 clusters,we classify ve clustersasbim odal,
one as com plex, and the others as unim odal. In 9 of
the38 unim odalclustersweclearly detectthepresenceof
sm all-scale substructures and there is som e sign ofthem
in 12 others. Hence, we detect substructures in about
one third (15/44)ofourclusters. Thisisin broad agree-
m entwith previousstatisticalworkswhich em ploy dier-
enttechniques(G eller& Beers1982;Dressler& Schectm an
1988b;Jones& Form an 1992).
O urclustersam ple is,however,slightly biased towards
m ore regular clusters. In fact about halfofour clusters
are cD ones,which are usually better studied,while we
veried thatin Northen AbellCatalog only  20% ofthe
nearby (Abelldistanceclass 4)clustersareclassied as
cD.Hence,theresultofourclassication m ay notstrictly
be representativeofthe Universe.
5.2 Opticaland X-ray results
In thedetailed discussion ofindividualclusters(seethe
appendix) and in Figure 4 we have often com pared our
resultsobtained from opticaldata with thosecom ing from
X-ray studies.Herewem ay sum m arizesom em ain points.
W e consider 42 clusters or clum ps for which there is a
corresponding unam biguousidentication in X-ray m aps.
ThereforewedonotconsiderclustersA754,A2151,A3526.
W e found thatthe m ean distance between X-ray and op-
ticalcentersis0.11 h  1 M pc,which isroughly thetypical
uncertainty in the estim ate ofcluster centers(e.g. Beers
& Tonry 1986;Rhee& Latour1991).
In oursam plethem ean (absolute)percentdierencebe-
tween the-valueand thecorresponding T-valueisabout
17% . This discrepancy is consistent with typicalerrors
on  (8% ),and on T (12% ),for 29 clusters having a di-
rect m easure ofT. The other clusters,whose T is esti-
m ated by X-ray lum inosity,aresupposed to beaected by
largererrorson T.Figure4showsthat and T agreewell
form ostclusters,with two exceptions(A119 and A1060),
whose m easuresdierby m ore than two s.d.. ForA2634
theagreem entisacceptablewithin thepresum ably virial-
ized region. The generalgood agreem entbetween global
X-ray and opticalclusterpropertiesm ake uscondentin
assum ing dynam icalequilibrium ofboth galaxy and gas
com ponentswithin theclusterpotentialand thusin using
the virialm ass estim ator. The m ean value of is 0:90
with a rm s= 0.29.
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Fig.4.| The velocity dispersion proles (VD P),where the dispersion at a given radius is the average l.o.s. velocity dispersion
within this radius. The VD P units are 10
3
km s
 1
,and distance from the center is expressed in M pc. The center is generally
theX-ray centerifnotspecied otherwise in the text.The rstpointrepresentsthe ascom puted fortheten galaxies,which are
closest to the cluster center. Subsequently points are com puted considering one m ore galaxy each tim e. A sm oothed line is also
superim posed.Thehorizontallinesshow thevaluesof,and therespectiveerrorbandsobtained from theX-ray tem peratures(see
Table 1)on the condition ofperfectgalaxy/gasenergy equipartition,i.e. = 1.
14
Fig.4.| Continued.
5.3 Unim odalClusters
In thecaseof9 unim odalclusters,which show thepres-
ence ofsubstructures,we analyzed the eectofsubstruc-
tureson the kinem aticsand dynam icsofclustersby com -
paringthevaluesof and m asscom puted beforeand after
rejection ofthe detected substructures. W e adopted the
standard virialm ass(see e.g. G iuricin,M ardirossian,&
M ezzetti1982),which isstrictly valid only ifthem assdis-
tribution follows galaxy distribution (e.g. M erritt 1987;
M erritt 1988). However,the sam e hypothesis is also as-
sum ed in otherusualm assestim ators,e.g.in theprojected
m ass estim ator (Heisler,Trem aine & Bahcall1985)used
by B95,whoseresultswillbe com pared with ours.
15
TABLE 5
T he Effect of Substructures
C luster  (K m /s) M ass< 1:5M pc (10
14
M  ) R v (M pc) M ass< R v (10
14
M  )
before after before after before after
(1) (2) (3) (4) (5) (6) (7) (8)
A 0085 995(  77;+ 88) 853(  47;+ 59) 13.4 2.1 6.5 1.1 1.66 13.4 2.1 10.8 1.5
A 0193 723(  58;+ 90) 751(  64;+ 78) 3.6 0.9 4.1 0.9 1.12 3.6 0.9 4.1 0.9
A 0194 389(  45;+ 54) 389(  45;+ 54) 1.4 0.4 1.4 0.4 0.54 0.8 0.3 0.8 0.3
A 1060 639(  39;+ 49) 649(  42;+ 49) 3.8 0.5 3.8 0.6 1.04 3.5 0.5 3.5 0.5
A 1367 836(  69;+ 79) 881(  59;+ 80) 5.2 1.1 6.2 1.0 0.99 5.2 1.1 6.2 1.0
A 1983 528(  25;+ 60) 472(  31;+ 56) 3.1 0.6 2.6 0.6 0.59 1.8 0.4 1.2 0.3
A 2063 701(  51;+ 68) 639(  47;+ 72) 4.0 0.8 3.1 0.7 1.10 3.7 0.8 2.9 0.7
A 2877 741(  55;+ 59) 766(  59;+ 62) 3.2 0.6 3.5 0.7 0.94 3.1 0.6 3.3 0.7
A 3667 1141(  76;+ 39) 1092(  70;+ 86) 17.1 2.4 17.0 2.5 1.74 17.5 2.4 18.4 2.6
The virialm assestim ate doesnotrequire any assum p-
tionsaboutthe isotropy ofgalaxy orbits,since each pos-
sible eect vanishes by averaging the velocity dispersion
overthe whole cluster sam ple (M erritt1987). The virial
m ass is fully m eaningfulwhen it is com puted within the
virialization radius,which correspondstotheregion where
theclusterisexpected to havereached dynam icalequilib-
rium at the present epoch. The virialization radii, R v,
werecom puted in the sam e way asB95,i.e.by assum ing
a proportionality between the X-ray tem perature and R 2v
and by scaling to Com a values.
In Table 5 we list severalquantities com puted before
and aftertherejection ofgalaxies,which belong to thede-
tected substructures:in Cols.(2)and (3)theglobal (in
km s  1 );in Cols.(4)and (5)thevirialm assascom puted
within theAbellradius(i.e.1.5 h  1 M pc);in Col.(6)the
virialization radius in h  1 M pc;in Cols.(7) and (8) the
virialm assascom puted within the virialization radius.
The  and m assdistributionscom puted before and af-
terrem oving substructuresare notdierentaccording to
theK olm ogorov-Sm irnovtest(seePressetal.1992).This
holds true both for m asses and for  com puted within a
xed radiusof1.5h  1 M pcand within thevirialization ra-
dius. As farasthe individualvalues are concerned,only
the m ass ofA85 shows a signicant change. Indeed,as
discussed in the appendix,itssubstructure islikely to be
unbound and thusitm aybeonlyachancesuperim position
on the cluster.
O urresultsare in agreem entwith E94 and partially in
disagreem entwith B95,who found thatthe m assescom -
puted within thexed radiusdepend on a possiblecorrec-
tion for the presence ofsubstructures. This is probably
due to the factthatwe considerasa identied cluster,in
which we look for substructures,a sam ple detected by a
m orerenedm ethod thanthatusedbyB95,whoem ployed
asim plecutin velocity spacewithin an Abellradius(Bird
1994).Thisfactcould also explain why shedetected sub-
structuresin clusters which we found were not substruc-
tured: the galaxies which belong to these substructures
haveprobably been excluded in ourprocedure ofidenti-
cation ofthecluster.Indeed,alsoB95found nosignicant
eectwhen the m assesarecom puted within the virializa-
tion radius;in fact,this radius is generally sm aller than
1.5 h  1 M pcand therefore the galaxy sam ple isnaturally
bettercleaned.
Reassuringly,by consideringthe16unim odalclustersin
com m on with B95,ourdistribution function ofm assval-
ues does not signicantly dier from that ofB95’s m ass
values corrected for substructures (colum n 10 in Table 1
ofB95),according to the K olm ogorov-Sm irnov test.
O urresultsdo notdisagreewith Pinkney etal.(1996),
who found,by considering sim ulations ofa cluster with
a m erging clum p (m assratio 1:6 and 1:3),thatthe virial
m assestim atoroverestim atethetrueclusterm ass,in par-
ticular in the case of sm allprojection angles of m erger
axis. In fact,oursubstructuresare generally sm aller(see
Table6)and the projection anglesarelikely greater.The
m ost probable case of head-on m erging, A85, actually
showsa signicantchangein m assestim ation.
Substructures can signicantly aect sm allscale phe-
nom ena,e.g. the peculiarity ofthe cD galaxy velocities
which dependson therem ovalofsom esubstructures(see,
e.g.,A2063).
In Table 6 we listsom e interesting param etersforeach
substructure contained in unim odalclusters: in Col.(2),
N % ,the fraction ofgalaxies relative to the totalofthe
galaxiescontained within 1 h  1 M pc;in Col.(3),R,the
m axim um projected radiusofthe substructure com puted
by considering the biweightcenter(which ispreferable to
the density center when the num ber ofgalaxies is sm all,
seeBeersetal.1990).TheaveragevaluesareN % = 7:5%
and R = 0:21 h  1 M pc.
The corestructuresdetected do notappearto be a ho-
m ogeneous class: they can contain few or m any galaxies
and can have a lowerorhigher than thatofthe whole
cluster. The statistics is stilltoo poor to draw general
conclusions. However,they are so close in position and
velocity to the respective cluster quantities,thatwe sus-
pectthey areclusterregionswith a particularkinem atical
status(seee.g.A1795)or,ifvery extended,realvirialized
clusters (see e.g. A1185,A3391),rather than,e.g.,the
relicsofsom estructurescom ing from the outside.There-
fore,in the present analysis we do not consider sam ples
obtained by rejecting the galaxies ofcore structures be-
causeitisprobablethattherem aining structureshaveno
realphysicalsignicance.
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TABLE 6
T he Substructures
C luster N % R
A 0085S 8 0.19
A 0193S 7 0.03
A 0194S1 7 0.11
A 0194S2 17 0.34
A 1060S 6 0.04
A 1367S 9 0.08
A 1983S 9 0.22
A 2063S 10 0.27
A 2877S 8 0.10
A 3667S 13 0.30
Nineofourclusters(A193,A194,A1631,A1795,A1809,
A2063, A3128, A3558, A4038) show velocity dispersion
proles which decrease towards the cluster center. This
behaviourm ay be due to the eectofdynam icalfriction,
which slowsdown them ostlum inous,centralgalaxieswith
respect to the background m atter (M erritt 1988),or to
thelossoforbitalenergy during galaxy m erging (M enci&
Fusco-Fem iano 1996). The sam e processes could explain
the presence ofcore structures with a low- population
which wend in fourofthe aboveclusters(A194,A1631,
A1795,A3128) and in another cluster (A2877). The -
nalconsequence of these processes could be the form a-
tion ofa cD galaxy. Nevertheless,only ve ofthe above-
m entioned clustersare cD clusters(A193,A1795,A1809,
A2063,A3558) as expected in our sam ple,where about
halfofthe clustersarecD clusters.
The above-m entioned behaviourofVDP aswellasthe
corestructureswith alow velocity dispersion could bealso
explained by alternativescenarios.Thevelocitydispersion
could increasewith radiusbecauseoftheinclusion ofsub-
clum pswith dierentm ean velocitiesordispersions.How-
ever,som e ofthe aboveclustersshow no substructuresin
outer regions (e.g. A1631,A1795). In another scenario,
the low dispersion population could be the rem nants of
a sm allsubcluster,as suggested for the A576 cluster by
M ohretal.(1996).
Thepresenceofa cooling ow and/orlum inosity segre-
gation,which are signsofpossible relaxation,could allow
usto distinguish whetherthe observed eects are due to
dynam icalrelaxation or to the presence ofsubstructures
but,atpresent,the availableinform ation ispoor.Forin-
stance,A1795 iswellknown to havea strong cooling ow,
A2063 has a faint one,(Edge,Stewart,& Fabian 1992),
as does A3558 (Bardelliet al. 1996),and A1809 has no
cooling ow (Stewart et al. 1984). Biviano et al(1992)
found evidence that lum inous galaxies are segregated in
velocity in A194,butthey did notnd any signicantve-
locity segregation forA1631,A3128,A3558. Den Hartog
& K atgert(1996)found faintevidence oflum inosity seg-
regation in A3128 and A3558 and no evidence in A194,
A1631,A1809,and A2063.
5.4 Bim odaland Com plex Clusters
Asregardsbim odalorcom plex clusters,the VDPs(see
Figure4 and Table3)suggestthattheirinternalkinem at-
icsstrongly biasesthe estim ateof.
TABLE 7
Bimodal and C omplex C lusters
C luster Sam ple M ass (10
14
M  )
(1) (2) (3)
A 0548 ................. M P 9.5 0.9
M S1+ M S2 13.0 1.3
C + S1+ S2+ S3+ M S2 9.5 2.0
C + M S2 6.4 0.9
A 0754 ................. M S 1.7 0.6
M S1+ M S2 2.5 0.9
A 2151 ................. M S 6.0 0.9
S1+ S2+ S3 4.3 1.7
A 3526 ................. M P 7.5 0.9
M S1+ M S2 2.3 0.5
In fact,these clusters could be casesofongoing m erg-
ing and their dynam icalstatus m ay be rather far from
virialequilibrium . In this respect,we stress the im por-
tance ofusing opticalinform ation,when one suspects a
strong cluster m erging and the presence ofcom pression-
heated gas(e.g. Zabludo & Zaritsky 1995). In fact,the
opticalcom ponent seem s m uch less disturbed by cluster
collisions than the gas content, so that the galaxy sys-
tem s could survive the rst cluster encounter (M cG lynn
& Fabian 1984).In thesecasesthem ostm eaningfulm ass
estim atecould thusbethesum ofthevirialm assesofthe
(supposed virialized)clum ps.
Table7 shows,in Col.(3),theclusterm assescom puted
both as the virialm ass ofthe whole cluster and as the
sum ofvirialm asses of each subclum p. Indeed, a pre-
cise m ass estim ate depends on the choice ofthe clum ps
considered (see,e.g,severalm assestim atesofA548).All
thesem assesarecom puted within therespectivevirializa-
tion radii(x5.3),which areherecom puted by adopting 
ratherthan the X-ray tem perature asan estim ate ofthe
potentialdepth. Thischoice isdue to the factthatsom e
system sare notclearly spatially identied in X-ray m aps
and thatobserved X-ray tem peraturescould notreliably
m easurethe clusterpotentialwell.
These two ways ofcom puting the m ass m ay give ap-
preciably dierentresults.In particular,in thecaseofthe
head-on bim odalclusterA3526,neglectingthepresenceof
clum psin velocityspaceleadsonetostronglyoverestim ate
the cluster m ass. Indeed, by analyzing the two-clum ps
m ergingin sim ulated clusters,Pinkney etal.(1996)found
thattheclusterm assisstrongly overestim ated in thecase
ofhead-on two-clum psm erging.
M oreaccuratem assevaluationsneed thedevelopm entof
hydrodynam icalsim ulations,which include a large range
ofinitialparam eters (e.g. angles ofview and encounter
velocities)and which describe both collisionaland acolli-
sionalclustercom ponents(e.g.Burnsetal.1995).
6 Summary and C onclusions
W e analyzed a set of48 galaxy clusters,which is the
m ostextensive sam ple in the literature used to study the
presenceofsubstructuresbym eansofgalaxypositionsand
redshifts.
W e used a m ulti-scale analysiswhich coupleskinem at-
17
icalestim ators with the wavelet transform (Escalera &
M azure 1992;Escalera etal. 1994),by introducing three
new kinem aticalestim ators.These estim atorsparam eter-
izethe departuresofthe localm eansand/orlocaldisper-
sionsofthem easured radialvelocitieswith respecttotheir
globalvaluesforthe environm ent.
Both the m ethodsweapply fordetecting substructures
and forcom puting velocity m eansand dispersions(Beers
et al. 1990) have the advantage of requiring no G aus-
sian velocity distributions. In fact, one expects non-
G aussian galaxy velocity distributions in clusters that,
even in dynam icalequilibrium ,show the presence ofve-
locity anisotropy in galaxy orbits(e.g.M erritt1987).
W e analyzed 44 clusterelds,recovering 48 clusters,of
which 44 are detected with high signicance (99.5% )and
aresam pled up to a suciently externalregion.O fthe44
clusters,we classify ve clustersasbim odal,one ascom -
plex,and theothersasunim odal.In 9 ofthe38 unim odal
clusterswe clearly detectthe presence ofsm all-scalesub-
structures and there is som e sign ofthem in 12 others.
Hence,we detect the presence ofsubstructures in about
one third ofthe clusters,in broad agreem entwith previ-
ousworkswhich are based on dierenttechniques. How-
ever,thehigh fraction ofcD clustersin oursam ple(about
50% )suggeststhatoursam ple m ay be notstrictly repre-
sentativeoftheUniverse.Indeed,thisistherstpartofa
largerstudy planned to considertheotherclustersspecic
to the ENACS database(K atgertetal.1996)in orderto
obtain a m orestatistically signicantsam ple.
To discusstheeectofsubstructureson clusterdynam -
ics, one should consider that substructures can assum e
som ebasicform s(W est& Bothun 1990).
The groups,which are not dynam ically bound to the
cluster,or bound units,which reside outside the relaxed
portion ofthe clusterand are perhapsjustfalling in,are
probably rejected in ourphaseofgalaxy clusteridentica-
tion,with the possible exception ofA85.
Thedynam icalsubstructuresthatresidewithin an oth-
erwise relaxed system m ay be the rem nantsofa previous
secondary infallorclusterm erging. The sm all-scale sub-
structureswe detected represent,on average,7.5% ofthe
clustergalaxieswithin 1 h  1 M pcand theiraverageexten-
sion is 0.2 h  1 M pc. The two valuesare in agreem ent
with typicalpopulation fractions and sizes of substruc-
tures inferred by sm all-scale correlations am ong galaxies
observed in m any apparently relaxed clusters (Salvador-
Sole,G onzalez-Casado,& Solanes1993;G onzalez-Casado,
Solanes,& Salvador-Sole,1993).Thesubstructureswede-
tectareprobably suciently com pactto survivetheclus-
terforce afterm erging,according to the theoreticalwork
by G onzales-Casado et al. (1994). These authors have
suggested thatthese substructurescould be therem nants
ofm assivecoresofgroupsorsm allclusters.
The eect of sm allsubstructures does not appear to
be considerable on the globalcluster kinem atics and dy-
nam ics,i.e. on the value ofthe velocity dispersion and
m ass. Thisindicatesthatclusterswhich show only sm all
substructuresarenottoo farfrom dynam icalequilibrium ,
asis also suggested by the generally good agreem entbe-
tween globalX-ray and opticalclusterproperties(centers
and velocity dispersions).
The above conclusionsdo nothold true forbim odalor
com plex clusters,which are likely cases ofrecent cluster
m erging.
From the pointofview ofstatisticalstudiesconcerning
galaxyclusters,theproblem oftheestim ateofvelocitydis-
persion and m assin bim odaland com plex clustersm ight
notbeseriousiftheirfraction isfairly sm allasin oursam -
ple. Thiscould explain the resultobtained by Biviano et
al.(1993),who found no dierencebetween them assdis-
tribution ofsubstructured and non-substructured clusters,
and by Fadda et al. (1996),who found no dierence in
thecum ulativedistributionsofclustervelocity dispersions
whetherornotthey took into accountthe m ultim odality
ofsom eclustersin theirvelocity distributions.
W e wish to thank the ENACS team for providing us
with new data priorto publication.W e thank the anony-
m ous referee for usefulrem arks and com m ents. W e are
also indebted to Harald Ebeling, who gave us som e X-
ray data in advance ofpublication. W e are gratefulalso
to Vahe G urzadyan forsom e enriching discussionson the
philosophy ofstructuredetection.
This work has been partially supported by the Italian
M inistry ofUniversity, Scientic TechnologicalResearch
(M URST),by theItalian Space Agency (ASI),and by the
Italian Research Council(CNR-GNA).
A ppendix A
R esults for Individual C lusters.
W e organize the presentation in the form ofa series ofparagraphs,each one corresponding to a cluster. For each
cluster we describe the pure detection results obtained from our m ain procedure ofsystem s identication. M oreover,
by perform ing som e particularanalyses,aswellby com paring ourndingswith the relevantresultsin the literature,we
suggestthem ostprobabledynam icalstatus.Itshould benoted thatitisnotthepurposeofthiswork toprovidedenitive
conclusionsregarding the dynam icsofthese clusters.
In the following discussionssom enotationsareused.
The word regular m eansan alm ostsym m etricalspatialshape com bined with a G aussian ornearly G aussian velocity
distribution.
To testwhethertwo system sare unbound,we apply the two-body m odel(e.g. Beers,G eller & Huchra 1982),which
givesboth bound and unbound solutionsby varying thevalueoftheunknown projection anglebetween thetwo system s.
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W hen no bound solutionsarepossible (Newton’scriterion),we classify two structuresasunbound.
A85. | Regularshaped clusterwhich containsa foreground group of7 galaxies(S)in frontofthe center.No further
substructure.Theforeground group roughly correspondsto theonealready shown by M alum uth etal.(1992)and Beers
etal. (1991). Newton’scriterion does notexclude the possibility thatthe S group m ay be bound. However,even ifit
is bound,it could be a sign ofsecondary infallto a pre-virialized cluster. Rem oving this group changesthe  (877
+ 61
  50
km s  1 ),which becom eslowerthan the  expected from T,although stillconsistentatabouttwo s.d.. M oreover,the
cleaned clustershowsan acceptably G aussian velocity distribution.
A119. | Regular shaped cluster. From inspection ofX-ray m aps and galaxy isopleths derived from photom etry,
Fabricantet al. (1993)suggested the presence ofm ultiple structures. Although the num ber ofgalaxy redshifts is now
alm ost doubled, the cluster kinem atics does not show any evidence of substructures. This is not, however,a clear
contradiction ofthe suggestion ofFabricantetal. (1993),since theirsupposed conguration isbeyond the lim itsofour
detection m ethod (seex3.1).The only possibleevidenceofsubstructuresisthe disagreem entbetween  and T (atabout
2.5 s.d.).
A151.| Twodistinctpopulationsin term sofvelocity(M S1,M S2),separated byalm ost4000K m /s,slightlyoverlapping
buteasy to identify.Thesetwopopulationscorrespond to thosealready identied by Proustetal.(1992):therealcluster
and a foreground group,respectively.W e conrm thatthesesystem sareunbound according to Newton’scriterion.
A193.| Regularcluster.However,a closequartetcloseto thecenterappearssignicant(S).TheVDP showsa strong
decrease towardsthe cluster center,which suggestsa possible advanced dynam icalstatus (see the discussion in x 5.3),
conrm ed also by the presenceofa cD galaxy.
A194. | Two loose background groups (US1,US2),gravitationally unbound to the cluster. Signicant sm all-scales
structuresarepresentwithin thecluster:a triplet(S1),a closeseptet(S2)and a very condensed core(C).In thiscasethe
identication ofthe m ain system within the m ain peak producesm acroscopic results. The clusterbecom esregularand
the VDP becom esatin the externalregion asexpected in a clusterwhich isin a state ofdynam icalequilibrium . The
corehasa low velocity dispersion.By subtracting thecorestructure,the oftheclusterincreasesby about100 km s  1 ,
approaching the observed valueofthe X-ray tem perature.
A262. | True cluster,poorly populated afterrem oving loose disperse galaxiesofthe eld,whose presence isdue to
the factthatthisclusterbelongsto the Perseussupercluster.
A399-401. | Bim odalsystem ,the two populations (M S1= A401,M S2= A399)slightly overlapping but separated in
velocity by alm ost 700 km s  1 . No further substructures. The separation ofA399 and A401 is considerably dicult
because the clustersare fairly close togetherin radialvelocity (see e.g. O egerle & Hill1994;G irardietal. 1996). The
two-body m odelconrm sthatthesetwo clustersareprobably gravitationally bound (seealso O egerle& Hill1994).Som e
evidencethatA401 isa m ultipleclustercom esfrom Slezak etal.(1994).Recentresultsby Fujita etal.(1996),based on
X-ray data,suggestthatthese clustersare really interacting butthatthe interaction isnotstrong atpresent;however,
they cannotexclude the possibility thatthere wasa pastrstencounter. As a possible sign ofa substructure,we nd
thatthe cD galaxy in A401 clusterhasa relevantpeculiarvelocity.
A426. | Initially extended eld. The m ain cluster(M S)showsan irregular(elongated)shape and a regularvelocity
distribution.Thereisastrongclustering(C)in thecentralregion.TheC structureappearsratherdynam ically perturbed
(i.e.with a high dispersion),although itsm ean velocity wellagreeswith thatofthe cluster.Indeed,ithasbeen recently
claim ed that this cluster does not appear to be in a com plete relaxed state. In particular,M ohr,Fabricant,& G eller
(1993) found substructures in the core. Also Slezak et al. (1994) found a double peak in the core by analyzing X-
ray data: however,the region they analyzed is sm aller than our m inim um scale analyzed. This cluster is well-known
for showing a -problem ( = 1:78
+ 0:48
  0:34 in Edge & Stewart 1991b). The  is now in acceptable agreem ent with the
estim ate ofT ( = 1:25+ 0:24  0:22). O ther observationalevidence for reducing the value of com es also from Fadda et al.
(1996, = 1:01
+ 0:24
  0:16).The strong increasein the VDP towardsthe clustercentersuggeststhe presence ofgalaxieswith
radialorbitsin the externalclusterregion,asalready suggested by,e.g.,Solanes& Salvador-Sole(1990).Theacceptable
agreem entbetween  and T suggestthatthese galaxies,although recently infalled into the cluster,are already roughly
virialized within theclusterpotential.
A539. | Two system s (M S1,M S2),both very extended, separated in velocity by over 4000 K m /s,but spatially
overlapped.M S1,whose condensed core should be the realstructure,hasto be considered a foreground group (see also
Pisani1993). ClusterA539 should be the condensed core ofthe M S2 clum p. In orderto better analyze the clusterwe
considered thewholepublished data sam plewithin 6 h  1 M pcfrom theX-ray centerofthecluster(A539*).Thissam ple
isnotnom inally com plete;however,we can probably rely on som e uniform ity in a sm allregion,e.g. the region close to
the cluster center,where substructures are detected. At the interm ediate scale we detected a core structure C,which
containstwo structures(C1,C2)atthe sm allscale. The C1 clum p correspondsto the core ofthe above detected M S2,
whilethe C2 clum p isathigherredshift.
A548.| Thevery irregularvelocity distribution suggestsa com plex dynam icalstatus(seee.g.Davisetal.1995).The
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opticaldata clearly show a bim odalaspectwith two system s,M S1 and M S2,which correspond respectively to the SW
and NE X-ray com ponents(i.e.S2 and S1 in Davisetal.,1995).W ithin the M S1 com ponentwe detect3 substructures
(S1,S2,S3) and a core structure (C),which wellcorresponds to the X-ray center. Also Davis et al. (1995),by using
partially dierentredshiftdata,found thatthe SW opticalregion iscom plex.The ofthe M S2 sam plewellagreeswith
the respective estim ate ofT. O n the contrary,the T ofthe othercom ponentdiers (but notsignicatively within the
errors)by about200 km s  1 from the ofM S1,butwellagreeswith the ofitscore.Thissuggeststhatthecoreisthe
virialized partofthe SW com ponentand isresponsible forthe observed X-ray em ission. The surrounding galaxiesand
clum psm ay notyetbe in dynam icalequilibrium .M orepreciseT estim atescould easily solvethisproblem .
A754. | The M S sam ple iselongated and includestwo lobes,while US isan externalstructure.Atthe interm ediate
scale,we detected the M S1 (NW )and the M S2 (SE)lobes;C isa core structure detected in M S2 and representshalfof
the lobe. D88 did notdetectany signicantsubstructure,butbim odality isdisplayed in recentX-ray and opticaldata
(e.g. Zabludo & Zaritsky 1995). In the VDP (see Figure 4)we used the galaxy density centersratherthan the X-ray
one. In fact,opticalstructures do not correspond to the X-ray ones in this cluster,which showsdirect evidence ofan
on-going collision (seeHenry & Briel1995;Zabludo & Zaritsky 1995;Heriksen & M arkevitch 1996).
A1060. | Alm ost regular cluster with a dynam ically perturbed condensed core (C) and a close quintet at South
(S1). The core structure appears better dened by using the less com plete sam ple (A1060*)whose com pleteness level
is only 50% . In this second sam ple the core structure represents an im portant fraction ofthe totalpopulation ofthe
cluster. Although this cluster appears very regular,severalauthors have suggested the presence ofsubstructures. For
instance,Fitchett& W ebster(1987)pointed outthattheir valueistoo high to agreewith thevalueexpected from X-ray
lum inosity.Indeed,our,which issim ilarto theirvalue,istoo low with respectto theX-ray tem perature.Theapparent
discrepancy isexplained by the factthatthisclusterdoesnottthe usualrelation between lum inosity and tem perature
(e.g. David etal. 1993). Thisnding could suggestsom e anom aliesin the dynam icalstatusofthe gas,ratherthan in
thatofthe galaxies.
A1146. | Distant and regular cluster. The agreem entwith T is suciently good ifwe consider that this T is not
m easured butonly estim ated from X-ray lum inosity.
A1185.| Theeld usually attributed to A1185doesnotreferto theclusteritself,sinceitincludesa largeand uniform
environm ent. The true cluster could consistin the condensed structure in the center(C).Already Fadda etal. (1996)
noted theanom alousincreaseoftheVDP in theexternalregion oftheclusterand naively suggested neglectingthisregion.
A1367. | This cluster belongs to the Com a supercluster. Irregular in shape and velocity distribution,this cluster
containsa closesextet(S).
A1631.| Very irregularin shapedespitea regularvelocity distribution.Thisclustershowsa very elongated structure
(C),which passesthrough theclustercenterand containssom ebrightgalaxies.Thisanom alousshapecould suggestthat
the realcore structure m ightbe C1,which isa close signicantsextetincluded in C.These centralstructureswere not
detected by D88.M oreover,the substructuresfound by E94,who analyzed the sam e galaxy sam ple,are notdetected in
thiswork;thisdiscrepancy with E94 isdiscussed in x3.1.
A1644. | Regular cluster. The velocity distribution shows a secondary peak which corresponds to an extended
foreground structure(V = 1100K m /s).Both populationsarefully overlappingwith each otherand cannotbeseparated;
no signicantUS structure isidentied. W e use the sam e galaxy sam ple asDressler& Schechtm an (1988b),who found
thatthe presenceofsubstructuresin thisclusterisnotdenitively signicant(c.l.about97% ).E94 found substructures
which are not shown here. However,the peculiar velocity ofthe cD galaxy suggests the possible presence ofa m inor
substructure.
A1736. | ClusterA1736 showstwo wellseparated peaksin the velocity distribution. The m ain peak correspondsto
A1736B,according to the denom ination by D88.W e do notanalyzethe foreground peak (A1736A)becauseofthe sm all
num ber ofobjects. By analyzing the sam e data sam ple,D88 found substructures,which are signicant only at about
98% .Fadda etal.(1996)found two peaksin the velocity distribution,butso strongly overlapping with each otherthat
theirphysicalseparation wasuncertain.According to ouranalysis,A1736B doesnotshow substructuresand thisnding
isconrm ed by the good agreem entwith T.
A1795. | Regularcluster with a centralcondensation (C).Hill& O egerle (1993)detected substructures signicant
only atabout97% .TheVDP ofthem ain sam plestrongly decreasestowardstheclustercenter.Thelow- corestructure
C contains a cD galaxy,whose velocity is consistent with the m ean velocity ofthe C structure and that ofthe whole
cluster.M oreover,a strong cooling ow wasobserved (Edgeetal.1992;Cardiel,G orgas& Aragon-Salam anca1995).All
these ndingsindicate thatthisclusterisa very relaxed cluster(see also the discussion in x 5.3).The betteragreem ent
ofT with the  ofthe M S-C sam ple ratherthan with the M S sam ple could conrm thatthe galaxiesin the core could
havebeen slowed down by relaxation processes(e.g.dynam icalfriction).
A1809. | Poorcluster,no substructures.O egerle& Hill(1994)found no presenceofsubstructureseither.The VDP
referred to the X-ray centerisvery noisy in the center;thuswe preferto show the VDP referred to the galaxy density
center,which showsa cleardecreasetowardsthe centralregion.
A1983. | This cluster is characterized by an asym m etric velocity distribution,but this irregularity vanishes after
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rem oving a signicantforeground quintetlocated close to the center(S).The situation issim ilarto thatfound in A85,
wheretheS could bean unbound foreground group,butin thiscasetheS substructurecausesa lesssignicantvariation
ofthe total.D88 found the presenceofsubstructuresonly signicantatabout94% .E94 found a substructureboth in
the centerand in the clustereld,butnoneassociated with the S detected in thiswork.
A2052. | Irregularcluster,containssom e disturbing objects (pairs,triplets)which,however,do notconstitute any
signicantsubstructure.M alum uth etal.(1992)found no signicantstructure,either.Theglobal islowerthan T,but
agreeswithin two s.d..
A2063.| Thiseld containstwoclustersthatarevery distantfrom each otherin term sofvelocity (V  3000K m /s):
M S1 and M S2,which correspond to A2063 and M K W 3S,respectively.TheM S1 sam plecontainsa substructureofseven
very closegalaxies(S),largely background.However,accordingto theNewton criterion,wecannotexcludethepossibility
thatS isbound to therem aining galaxiesin theM S1 sam ple.Forthesam ereason wecannotruleoutthepossibility that
M S1 and M S2 sam plesm ay bebound.Both clusterscontain cD galaxies;however,thecD galaxy ofA2063 hasa peculiar
velocity:thispeculiarity disappearswhen werejectitssubstructureS.
A2107. | Rem arkably regularcluster.O egerle& Hill(1992)found evidenceofsubstructuresby using thetestofD88.
Thepeculiarvelocity ofthecD galaxy could suggesta situation ofnon-perfectdynam icalequilibrium .However,with the
presentdata,thereisgood agreem entbetween  and T.
A2124. | Regularcluster.
A2151. | Highly structured cluster,despite an apparently regularvelocity distribution ofthe m ain eld. W e notice
a signicant centralstructure C (V    700 km s   1 ),an extended subsystem S1 at North and a close background
quintetS2 atEast.These three subsystem s,very distantfrom each other,concern about50% ofthe totalpopulation of
the cluster.These resultsareconsistentwith E94.Bird,Davis,& Beers(1995)nd thatX-ray and opticaldistributions
are not very sim ilar. W e conrm this result: in particular,our centralC is not centered on the X-ray cluster center.
Thisfactand the large velocity ofC with respectto thatofthe whole clustersuggestthatC could be considered a real
substructureratherthan a particularly relaxed centralregion.Thisclustershould beregarded asa caseofpresentcluster
m erging.M oreover,although the oftheM S sam pleisin good agreem entwith theT by David etal.(1993),itishigher
than the Tsdetected by Bird etal.(1995)forthe individualclum ps.
A2197-2199. | No signicantstructures,thoughtelongated in shape. The eld we analyzed contains,however,the
two well-known clustersA2197 and A2199,which correspond closely to thestructureswedetectata very low signicance
level(about60% ).Thebackground system M S1 in theSouth (A2199)containsa closeforeground quartet(S1),whilethe
foreground system M S2 atNorth (A2197)containsa background quartet(S2).Thispeculiarsituation isvery dicultto
analyzewith ourm ethod,since the localkinem aticscannotbe cleaned from the m utualcontam ination produced by the
foursystem s.Therefore,wedo notconsiderthese clustersin the naldiscussion.
A2634-2666. | TheM S sam pleincludesboth A2634 and thetiny clusterA2666 (S1)and a furthersubstructure(S2).
W e identify A2634 with the M S-S1-S2 sam ple,i.e. the M S sam ple afterthe rejection ofA2666 and S2,which are both
unbound to the rem aining galaxies. The \identied cluster" m ain propertiesare: Center1950 (,)= 233606.9+ 264541;
N = 216;R m ax= 5.64;v = 9136 km s
  1 ;PW < 0:1% ;= 886. Scodeggio et al. (1995) did not nd any evidence of
substructuresin the centralclusterregion. The  ofthe M S-S1-S2 sam ple isin good agreem entwith the T atabout1
h  1 M pc,and an increase in the outerregion islikely because ofthe presence ofsom e rem aining interlopers. The T of
A2666 ism uch higherthan ourvalueof,butwenote thatthisT isestim ated from X-ray lum inosity.
A2670. | W e analyze two sam ples.A2670,the rstsam ple,doesnotcontain any substructures.The second sam ple
A2670,which isdeeperand hasa sm allerextension,containsa foreground group ofgalaxies(US)atW estofthe m ain
system . Sharples et al. (1988) did not nd any rm statisticalevidence ofsubclustering,either. O n the contrary,
E94 found a series ofstructures which are not present in this analysis. B95,by taking into account the presence of
substructures,reduces the peculiar velocity ofcD.Here we stillfound a peculiar velocity for the cD galaxy,but this
peculiarity disappearswhen weconsiderthe deepestsam ple A2670.
A2717. | Thisclustercontainsa signicantcorestructure (CS),slightly foregrounded (V  -600 km s   1 .),which
involvesabout40% ofthe whole population and containsthe cD galaxy. Thisfeature isresponsible forthe asym m etry
observed in the velocity distribution. The cD galaxy,which hasnota peculiar velocity with respectto the M S sam ple
butonly with respectto the C structure,conrm sthatthiscoreisprobably dynam ically perturbed.
A2721. | Regularcluster. W e show the VDP referred to the galaxy density center,which ism ore regularthan that
com puted with the X-ray center.
A2877.| Regularvelocity distribution,irregularshape.W edetecttwo signicantsubsystem s:thecorestructure(C),
and a structure(S)atNorth.
A3128.| Theanalyzed eld containsan extended structureatSouth (US),which givestheclusteritselongated shape.
The m ain clusterM S isregular,with a very condensed structure in the center(C).W e reportthe VDP com puted with
the galaxy density center,which ism oreregularthan thatreferred to the X-ray center.
A3266. | Theanalyzed eld containstwo system s,which arevery sim ilarin term sofvelocity butspatially farapart.
Thesm allestgroup iselongated (US)and liesatEastofthem ain dom inantsystem (M S).Thisoneisregularand should
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correspond to the realcluster. The VDP ofM S isvery noisy in the centralregion and the  ishigherthan the T,but
consistentwithin two s.d..
A3376. | Regularvelocity distribution despite itsirregularshape.The centralregion appearselongated.The South
partofthisgroup appearswellcoincidentwith theX-raycenter;thusweprefertodenom inateitacorestructure,although
itisprobable thatitsNorth com ponentm ay be a realsubstructure. D88 found substructureslesssignicantthan 95% .
Thesubstructuresdetected by E94 arenotpresentin thisanalysis(seex 3.1).
A3391-3395. | Rich eld with twodistinctclusters,partiallyoverlapping,butwellseparated in velocity.Thedom inant
system (M S1= A3395)isa rich extended cluster,which hasa regularvelocity distribution butisalm ostirregularin shape.
The sm allscale analysis revealsa signicantcentralcondensation (C1),which is elongated and dynam ically sim ilar to
the m ain system . A sm allsystem atNorth (M S2= A3391),in the background ofM S1 (V  2000 km s   1 ),isform ed
by a corestructure (C2)appended to som eloosebackground galaxies.G irardietal.(1996)pointed outthe diculty in
separating the two clustersand used the VDP to truncate the clustersatthe radius,where the VDP increasesowing to
thepresenceofa closecluster.Thepresentm ethod isableto separatetheclustersand givesVDPs,which areatin the
externalregion.The cD galaxy ofA3391 hasa peculiarvelocity with respectto M S2,butnotwith respectto C2,which
containsthe cD galaxy.
A3526. | W eanalyzed two sam ples(A3526 and A3526*),theform erdeeperin m agnitudeand with a m inorextension
than thelatter.In both sam plesweidentify two dom inantsignicantsystem s(M S1,M S2).They arefairly wellseparated
in velocity (V  1500 km s   1 ),butfully overlapped and probably bound.M S2 containsa condensed structureatEast
(C),whose centercorrespondsto itsgalaxy density center. In the sam ple A3526,M S1 includesa group offoreground
galaxies(S),which isprobably unbound (V = -1000 km s   1 ).Thevelocity distribution ofM S1 becom esregularifwe
excludeS.
Already Lucey,Currie,& Dickens (1986) detected the presence oftwo peaks in the velocity distribution and found
that only a m inority ofthe galaxies (30% ) in the secondary peak in the cluster A3526 could actually be distant from
the prim ary peak. The clustershould be thusregarded asa strongly substructured cluster(see also M ohretal. 1993).
G irardiet al. (1996)and Fadda et al. (1996) indicated this cluster as one with a problem atic dynam ics by using the
velocity distribution.A likely on-going m erging m ightexplain the high tem peratureofthe collision-heated gas.
Shapley region.| Theanalyzed eld containstwo wellsam pled m ain clusters:A3558 and A3562.M S isthedom inant
group,which contains the cluster A3558. US1 is a sm allgroup at W est,clearly separated in position on the basis of
the available data. US2 is a large group at East,slightly foregrounded with respect to US1. Both US1 and US2 have
a high dispersion because they probably do notcorrespond to true physicalsystem s. In fact,US2 containsa structure
(US2S),which issignicantatthe 80% c.l.and correspond to A3562.Dueto thelim ited valueofsignicance,wedo not
considerthisclusterin the naldiscussion,although the good agreem entwith T suggestsa good realidentication.M S
isa rich and very structured system despite its regularvelocity distribution. The analysisatsm allscalesrevealsthree
distinctgroupsinside:a background structureS1 atNorth (+ 800 km s  1 );a very condensed structureatEastS2,which
also containsthe poorclusterSC1329-314;a centralstructure S3,which isdynam ically sim ilarto the m ain system and
correspondsto the identied A3558 cluster.
The internalstructure ofA3558 iswidely debated in the literatureand the T ofthisclusteriswellknown to be lower
than  (see e.g. by Bardellietal. 1996,who report = 1:79). O urS3 structure,which we identify asA3558,hasa 
com patible with T ( = 0:86+ 0:39  0:23),although the peculiarvelocity ofthe cD galaxy m ay suggestthe presence ofinternal
substructures.
A3667. | Asym m etricand dynam ically regularcluster,although itincludesa signicant,very condensed structureS,
which isrem arkably elongated.No furthersubstructuresappearsignicant.TheglobalsofM S orM S-C sam plesarein
good agreem entwith T,although the VDP isvery noisy in the centralclusterregion.
A3716.| ClusterA3716 isclearly divided into North and South com ponents(D88).Hence,thisclusterisan apparent
case oflarge-scalestructure. The M S we detectisthe richestSouth com ponent,since the data ofNorth com ponentare
too scarce. ThisSouth com ponentisan apparently regularstructure. W e adoptthe opticalcenterforthe com putation
ofthe VDP,sinceitism oreregulartowardsthe centerthan the VDP referred to the X-ray center.
A3888. | Alm ostregularclusterbut with an asym m etric velocity distribution. The localdispersionsare atypically
high dueto thepresenceofnum erouseld galaxiesuniform ly distributed through thewholeextension ofthecluster,thus
suggesting a system aticcontam ination eect.
A4038. | Regularcluster.Unfortunately,the region ofthisclusterwe studied istoo sm allto perm ita good check of
theVDP.TheVDP centered on theopticalcenterislessnoisy than thatcentered on theX-ray center,butwecannotbe
surethatthe VDP rem ainsattowardsthe externalclusterregions.
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